JUNE 1977 VOLUME 2, Number 6 $1.50 in USA 


EUIE 


the small systems journal 


64 OR 32 CHARACTERS PER LINE 
UPPER AND lower case LETTERS 
FULL 8 BIT MEMORY 

128 CHARACTER ASCII SET 

110/220 Volt 50-60 Hz POWER SUPPLY 


COMPLETE WITH — 


Now you can buy it. The terminal that has all the fea- 
tures that people have been asking us to include. The 
CT-64 has all the functions that you could want in a 
terminal and they may be operated by either switches, 
or through a software program. 


All cursor movements, home-up and erase, erase to end 
of line, erase to end of frame, read on, read off, cursor 
on, cursor off, screen reversal, scroll, no scroll, solid 
cursor, blinking cursor, page selection and a beeper to 
warn you of end of page; al! are provided for your use in 
the CT-64. 
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SCROLLING OR PAGE MODE OPERATION 

CONTROL CHARACTER DECODING-—32 COMBINATION 
PRINTS CONTROL CHARACTERS 

USABLE WITH ANY 8 ВІТ ASCII COMPUTER 
REVERSED BACKGROUND - ЪТ 


Chassis and cover, cursor control, 110-1200 Baud serial interface and keyboard. Optional 
monitor show in photo available. 


You may also switch from upper case only teletype style 


operation to upper-lower case typewriter style operation. 


You can reverse the field on individual words to high- 
light them, or you can reverse the whole screen. 


CT-64 is complete with keyboard, power supply serial 
interface and case. A matching 9 inch monitor with 
coordinated covers is also available to make a complete 
system. 


CT-64 Terminal Kit 
MM-1 Monitor (assembled) 


$325.00 
$175.00 


You are right, it's just what | have been asking for. 


C] Enclose is $325.00 for the CT-64 


O Send the MM-1 monitor too. 


C Send Data 


[Jo BAC. te 


O or MC. 


Ex Date 


NAME 


219 W. Rhapsody 


San Antonio, Texas 78216 


Circle 29 on inquiry card. 


CITY 


AMRES Б. a 


Southwest Technical Products Corp. 
219 W. Rhapsody, San Antonio, Texas 78216 
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Here's the muscle you've been telling us you wanted: 
a powerful Cromemco microcomputer in a style and price 
range ideal for your dedicated computer jobs— ideal for 
industrial, business, instrumentation and similar applica- 
tions. 

It's the new Cromemco Z-2 Computer System. Here's 
some of what you get in the Z-2 for only $595: 


è The industry's fastest АР board (Cromemco's highly 
regarded 4 MHz, 250-nanosecond cycle time board). 

• The power and convenience of the well-known 7-80 
pP. 

e A power supply you won't believe (4-8V (9 30A, 
«18V and —18V (9 15A — ample power for addi- 
tional peripherals such as floppy disk drives). 

* A full-length shielded motherboard with 21 card slots. 

è Power-on-jump circuitry to begin automatic program 

execution when power is turned on. 

$-100 bus. 

Standard rack-mount style construction. 

All-metal chassis and dust case. 

110- or 220-volt operation. 

DEDICATED APPLICATIONS 
The new Z-2 is specifically designed as a powerful but 
economical dedicated computer for systems work. Notice 
that the front panel is entirely free of controls or switches 
of any kind. That makes the Z-2 vir- 
tually tamper-proof. No accidental 
program changes or surprise mem- 
ory erasures. 


FASTEST, MOST 
POWERFUL „С 
Cromemco's microcom- 
puters are the. fastest and 
most) powerful. available. 
They use the Z-80. mi- 
croprocessor which is 
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widely regarded as the standard of the future. So you're 
in the technical fore with the Z-2. 
BROAD SOFTWARE/PERIPHERALS SUPPORT 

Since the Z-2 uses the Z-80, your present 8080 soft- 
ware can be used with the Z-2. Also, Cromemco offers 
broad software support including a monitor, assembler, 
and a BASIC interpreter. 

The Z-2 uses the S-100 bus which is supported by the 
peripherals of dozens of manufacturers. Naturally, all 
Cromemco peripherals such as our 7-channel A/D and 
D/A converter, our well-known BYTESAVER with its 
built-in PROM programmer, our color graphics interface, 
etc., will also plug into the S-100 bus. 

LOW, LOW PRICE 

You'll be impressed with the Z-2's low price, technical 
excellence and quality. So see it right away at your 
computer store—or order directly from the factory. 
Z-2 COMPUTER SYSTEM KIT (MODEL Z-2K) (includes 

4 MHz pP card, full-length 21-card-slot motherboard, 

power supply, one card socket and card-guide set, and 

front panel; for rack mounting) .............. $595. 
Z-2 COMPUTER SYSTEM ASSEMBLED (MODEL Z-2W) 

(includes the above as well as all 21 sockets and card 

guides and a cooling fan; for rack mounting ). . . $995. 


ana a'euvd 
Specialisis in compulers and. peripherals 
2432 CHANILESTON НО, MOUNTAIN VIEW, CA WOAZ- * (498) 064-7400 


JOYSTICK CONSOLE 


Your computer's usefulness de- 
pends on the capability of its CPU, 
memories, and 1/О interfaces, right? 

So here's a broad line of truly 
useful computer products that lets 
you do interesting things with your 
Cromemco Z-1 and Z-2 computers. 
And with your S-100-compatible Al- 
tairs and IMSAIs, too. 


CPU 
e 7-80 MICROPROCESSOR CARD. 
The most advanced uP card avail- 
able. Forms the heart of our Z-1 
and Z-2 systems. Also a direct re- 
placement for Altair/IMSAI CPUs. 
Has 4-MHz clock rate and the power 
of the 2-80 uP chip. Kit (Model ZPU- 
К): $295. Assembled (Model ZPU- 


W): $395. 
MEMORIES 

16K ВАМ. The fastest available. 
Alia has bank-select feature. Kit 
(Model 16KZ-K): $495. Assembled 
(Model 16KZ-W): $795. 
è АК RAM. Bank-select allows ex- 
pansion to 8 banks of 64K bytes 
each. Kit (Model 4KZ-K): $195. As- 
sembled (Model 4KZ-W): $295. 
* THE BYTESAVER — an 8K capa- 
city PROM card with integral pro- 


TVDAZZLER - 


To make 


your computer 
more useful- 


a wide choice of 
memory, I/0, CPU 


grammer. Uses high-speed 2708 eras- 
able PROMs. A must for all com- 
puters. Will load 8K BASIC into RAM 
in less than a second. Kit (Model 
BSK-0): $145. Assembled (Model 
BSW-0): $245. 

e 16K CAPACITY PROM CARD. Ca- 
pacity for up to 16K of high-speed 
2708 erasable PROM. Kit (Model 
16KPR-K): $145. Assembled (Model 
16KPR-W): $245. 


I/O INTERFACES 

* FAST 7-CHANNEL DIGITAL- 
ANALOG 1/O. Extremely useful 
board with 7 A/D channels and 7 
D/A channels. Also one 8-bit par- 
allel 1/О channel. Kit (Моде! D + 
7А-К): $145. Assembled (Model D 
+ 7A-W): $245. 

@ TV DAZZLER. Color graphics in- 
terface. Lets you use color TV as full- 
color graphics terminal. Kit (Model 
CGI-K): $215. Assembled (Model 
CGI-W): $350. 

* DIGITAL INTERFACE (OUR NEW 
TU-ART). Interfaces with teletype, 
CRT terminals, line printers, etc. Has 
not one but two serial I/O ports and 
two 8-bit parallel 1/ О ports as well 
as 10 on-board interval timers. Kit 


Cromemco 


Specialists in computers and peripherals 
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 * (415) 964-7400 


Circle 41 on inquiry card. 


(Model TRT-K): 


$195. Assembled 
(Model TRT-W): $295. 

* JOYSTICK. A console that lets 
you input physical position data with 
above Model D + 7 A/D card. For 
games, process control, etc. Con- 
tains speaker for sound effects. Kit 


(Model JS-1-K): $65. Assembled 
(Model JS-1-W): $95, 


PROFESSIONAL QUALITY 

You get first-class quality with 
Cromemco. 

Here are actual quotes from ar- 
ticles by independent experts: “The 
Cromemco boards are absolutely 
beautiful" , . , “The BYTESAVER is 
tremendous" . . . “Construction of 
Cromemco I/O and joystick are out- 
standing” “Cromemco periph- 
erals ran with no trouble whatso- 
ever." 

Everyone agrees. Cromemco is 
tops. 

STORES/MAIL 

So count on Cromemco. Look 
into these Cromemco products at 
your store. Or order by mail from 
the factory. 

We wish you pleasure and suc- 
cess with your computer. 
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In This FUTE 


Some uses of a microprocessor 
involve the connection to the outside 
world through an analog interface. 
When fooling around with such pro- 
jects from music generation to robotic 
control, however, it quickly becomes 
necessary to have a large number of 
inexpensive real world interfaces. To 
help point you in the right directions 
Douglas R Kraul supplied an article 
on Designing Multichannel Analog 
Interfaces. 


In the past, readers have seen some 
interest expressed in the concepts of 
robotics, the use of small computers as 
ihe brains of mobile automated 
mechanisms. Robots have long been 
fancied in science fiction literature and 
cinema, but only rarely have people 
taken any practical steps towards a 
"real" robot as opposed to paper 
romanticisms or stage dummies. One 
of those rare cases is that provided by 
Ralph Hollis and his associate Dennis 
Toms, both of whom are physicists at 
the University of Colorado, Duane 
Physical Laboratory, Boulder CO. 
Ralph has been pursuing the design of 
practical robots as an avocation since 
1957, and lately has progressed to the 
point of a working mobile computer 
system called Newt, whose picture 
provides the theme of this month’s 
cover. Turn to Ralph’s article, Newt: 
A Mobile, Cognitive Robot for essen- 
tial background information on con- 
temporary robot design philosophies. 


Hard copy is a most useful output, 
but it tends to be somewhat expensive. 
Dan Fylstra shows one very attractive 
option in his article on Interfacing the 
IBM Selectric Keyboard Printer. Dan 
purchased a used print mechanism late 
in 1976, and since then has success- 
fully interfaced the device to his 
KIM-1 system. Readers interested in 
using these printers (which are avail- 
able in significant numbers on surplus 
markets) will find Dan's article an 
essential guide to the art. 


How can hardware be used to 
accomplish the details of Interfacing 
With an Analog World? Turn to author 
Joseph Carr's second part af a two 
part series to find out some of the 
details of basic conversion circuits 
which use the outputs of sensors and 
preamplifiers discussed in last month's 
article, 


Much of the software that is avail- 
able on the market today is available 
on paper lape so as to be easily read 
inte your microprocessor. The prob- 
lem is that most common paper tape 
readers are so slow that it seems to 
take forever to read a large program 
inte memory. In the article Come Fly 
With KIM, Rick Simpson introduces us 
to a solution to this speed problem: 
the Fly Reader, which he uses with 
MOS Technology's KIM-1. 
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Now that you've got the hardware 
built, how do you run it? Ken Welles 
answers this question in Software for 
the Economy Floppy Disk. His pre- 
vious article (February 1977 BYTE, 
page 34) described how to construct 
an inexpensive floppy disk with min- 
imal hardware. This month he provides 
a series of subroutines to run it, which 
could easily be expanded into a com- 
plete floppy disk operating system. 


Last month in the first part of his 
article Artificial Intelligence, An Evo- 
lutionary Idea, Michael Wimble intro- 
duced us to the use of a simulated 
evolution technique by which it was 
possible for a program to alter itself 
and reshape its responses as a direct 
result of an outside stimulus. This 
month in Part 2: Implementation, Mr 
Wimble details how the computer ex- 
perimenter can implement this type of 
program on any small computer 
system. 


To many people the concept of 
assembly language is that of the funda- 
mental language of the computer next 
to machine language. However, each 
particular assembly language command 
must be broken down into a series of 
simpler command sequences. These 
commands are known as microinstruc- 
tions. In his article, An Introduction 
to Microprogramming, S M Quek de- 
scribes how the concept of micro- 
instructions is a great benefit to the 
user of a computer, allowing the easy 
change of basic instructions. 


In previous issues Michael McNatt 
has shown us the availability of 
Baudot teleprinters and the ways in 
which they can be interfaced with 
your microprocessor, In his concluding 
article, A Guide to Baudot Machines: 
Part 3, A Teleprinter Test Circuit, he 
describes a test circuit that can be used 
for generating Baudot characters for 
alignment and adjustment purposes. 


The Megabyte Memory 


Until today, the largest memory you could 
fit and address in a single microcomputer 
CPU was 65K. 

Now, IMSAI presents an incredible 
memory system for micros 16 times more 
powerful than yesterday’s best. 

Imagine, a full megabyte of power from 
sixteen 65K RAM boards. 

And, to control all this, the IMSAI 
Intelligent Memory Manager (IMM), the 
super control board. 

You can write protect blocks through- 
out the full megabyte. Or, map in 16K blocks. 

Plus, preset 16 mapping configurations 
with protect for high speed transfer or rapid 
change. 

AT interrupts are fully vectored, and 
there’s an interrupt if an attempt is made to 
write into protected memory. 

There's even a real "time of day" clock. 


65K, 32K and 16K RAM 
Boards 


Until today, the most memory you could 
plug into a single slot was 16K. 


Now, IMSAI presents memory boards 
in astonishing muliiples of sixteen: 65K, 
32K and 16K low power, dynamic RAM 
Boards, They can be used in any S- 100 bus 
computer individually or in combination 
to form conventional systems up to 65K 
bytes. 

Every board is fast. With “hidden 
refresh" and no "wait state.” 


The Complete Megabyte 
Microcomputer System 


The IMSAI Megabyte Micro™ is only part 
of the story. The full system can include 
dual floppy disks, terminals, plotters, 
printers and tape cassettes. 

IMSAI also offers the finest high level 
and peripheral software available. Paper 
tape and Tape Cassette 1/O and super Disk 
Operating Systems. Plus, BASIC and Disk 
BASIC with more high level languages 
coming. 

Until today, the microcomputer's 
potential was just something you talked 
about. 


Now, you can put it to work. Powerfully. 


Circle 12 on inquiry card. 


IMSAI Introduces the Megabyte Micro: 


GENTLEMEN; 

l'm power hungry! 

[Г] Send 65K RAM Board Kit $2599 C] Assembled $3899 
О Send 32K RAM Board Kit $749. [  Assembled $1099 
O Send 16K RAM Board Kit 5449 [ ] Assembled $679 
[O Send IMM ROM Control Kit 5299 [7] Assembled 5399 
(J Send IMM EROM Control Kit $499 [7] Assembled 5699 
C] Send full catalog $1.00 


Check7MO enclosed. Amt. 5 
Charge my: []BAC[]M;/C 


#-——— Exp. Date: 


Sig. 
[Г] Send name of my nearest IMSAI dealer 


Name 


Company Tile 
Address 
Ciy 
Suite/Zip 


IMSAT 


IMSAI Manufacturing Corporation 
14860 Wicks Blvd. 

San Leandro, CA 94577 

(415) 483-2093 TWX 910-366-7287 


To do real work with any computer, big or small, it takes 
a complete system. Thats one of the nice things about the 
Sol-20. It was built from the ground-up as the heart of three 
fixed price computer systems with all the peripheral gear and 
software included to get you up and on the air. 

Sol System I costs just $1649 in kit form or $2129 fully 
burned in and tested. Heres what you get: a Sol-20 with the 
SOLOS personality module for stand alone computer power, 
an 8192 word memory, a 12" TV/video monitor, a cassette 
recorder with BASIC software tape and all necessary cables. 

Sol System II has the same equipment plus a larger 


The functional beauty of Sol Computer Systems is 
more than skin deep. A look inside reveals a simple elegance 
of design and sturdy construction. 


| SOLOS, Diskette. Price, 


г personal computer systems, they have more 


power per dollar than anything ever 
offered. They provide performance com- 
parable with mini-computer systems priced 
thousands of dollars more. 


The Small Computer 
Catalog for the rest of the real 
computer system story. 

Visit your local computer store for 
a copy of our fully illustrated 22 page cata- 
log. Or you may write or call us if more 
convenient. Please address Processor 
Technology, Box B, 6200 Hollis Street, 
Emeryville, CA 94608. (415) 652-8080. 


[Ор 


See Sol Systems at your dealer 


ARIZONA 


Byte Shop Tempe 
813 N, Scottsdale Rd. 
Tempe, AZ 85281 


Byte Shop Phoenix 
12654 N. 28th Dr. 
Phoenix, AZ 85029 


Byte Shop Tucson 
2612 E. Broadway 
Tueson, AZ 85716 


CALIFORNIA 


Bits 'N Bytes 
879 S. State College Blvd, 
Fullerton, CA 92631 


The Byte Shop 
1514 University Ave. 
Berkeley, CA 94703 


The Byte Shop 
2626 Union Áve. 
Campbell, CA 95124 


Byte Shop Computer Store 
604! Greenback Lane 
Citrus Heights, CA 95610 


Computer Center 
1913 Harbor Bivd. 
Costa Mesa, CA 92627 


The Byte Shop 
19508 Hawthorne Bivd. 
Lawndale, CA 90260 


The Byte Shop 
1063 El Camino Real 
Mountain View, CA (ИО 


The Computer Mart 
524 West Katella #10 
Orange. CA 92667 


The Byte Shop 
2227 El Camino Real 
Palo Alto, CA 94306 


Byte Shop 
496 South Lake Ave. 
Pasadena, C A 91101 


The Computer Store 

ol San Francisco 

1093 Mission Street 

San Francisco, CA 94103 


Byte Shop 
321 Pacific Ave. 
Sun Francisco, CA ©4111 


The Computer Room 
124H Blossom Hill Rd. 
San Jose, СА 95125 


The Byte Shop 
509 Francisco Blvi. 
San Rafael, CA 94901 


The Byie Shop 
МЮ El Camino Real 
Santa Clara. CA 95051 


The Byte Shop 

2989 Narth Main 51. 
Walnut Creek, СА 94596 
Byte Shop 

14300 Beach Віка. 
Westminsier. CA 683 


Recreational 
Computer Centers 
1324 South Mary Ave. 
Sunnyvale. CA 94057 


Byte Shop ol Tarzana 
18424 Ventura Bivi. 
Tarzana, CA 81356 
Dieital-Del 

BO West E] Cuming Real 
Mountain View, CA ЧИНО 


COLORADO 
Byte Shap 

2040 uth 51. 
Boulder. CO 80301 


FLORIDA 

Byte Shop of Miami 

7825 Bird Rund 

Miami, FL 33155 
Mierocompuler Systems Inc. 
144 So. Dale Mabry Hwy. 
Tampa, FL. 33609 

Sunny Computer Stores 
University Shoppinu Center 
12384 5. Dixie Hwy. 

Coral Gables. PL 346 
Delta Electronics 

2000 US. Highway 441 Eust 
Leesburg, PL IFAS 


GEORGIA 

Atlanta Computer Миг! 
A041-B Bulord Hwy. 
Апама. СА 30MO 


ILLINGIS 

The Numbers Racket 
518 East Green Si. 
Champaign. IL 612520 
itty hity machine eo. 
1316 Chicago Ave. 
Evanston, IL 60201 
"ty hiny machine са, 
42 West Roosevelt 
Lombard, EFL 60148 


INDIANA 

The Dara Domain 

406 Sa, College Ave. 
Bloomington. EN 47401 
The Bata Domain 

219 West Columbia 

West Lafayette. IN 47405 
The Dara Domain 

7027 N. Michigan Rel, 
Indianapolis. IN 46255 


[Орус 


Processor Technology, 6200B Hollis Street. Emeryville, CA 94608, Phone (415) 652-8080 


The Byte Shop 
5947 East 82ng Sr. 
Indianapolis, IN 46250 


KENTUCKY 
The Dita Domain 


3028 Hunsinger Lane 
Louisville, КҮ 40220 


MICHIGAN 


The Computer Store 

of Ann Arbor 

МО East Washingtan 
Ann Arbor МУКІ 
General Computer Store 


2011 Livernois 
"Tray. MIT 4804 


Computer Mart of Royal Oak 


1800 W. 14 Mile Ru. 
Royal Oak, MT JHOTA 


NEW JERSEY 


The Computer Mart 
of New Jersey 

501 Route 27 

Isetin, NJ ONKI 


Hoboken Computer Works 
Mo. 20 Hudson Place 
Hoboken. NJ 07030 


NEW YORK 


Audio Design Electronics 
487 Broadway. Ste. 512 
New York. NY. ИЛ 


The Computer Corner 
200 Hamilton Ave, 
White Plains, NY 1060] 


The Computer Mart 

of Lone Island 

372 Front Sreet 

Баз Meadow. E. 1. NY 11554 


The Computer Marl 

of New York 

313 Fifth Ave. 

New York. NY 10001 
Synchro Sound Enterprises 
193-25 Jamaica Ave. 

Helis. NY 11423 

The Computer Shoppe 

444 Middle Country Rd. 
Middle Island, NY 11953 


OREGON 


The Real Oregon 
Computer Co, 

205 West lh Ave. 
Eugene. OR 97401 


Byte Shap Computer store 
3033 S. W. Ah Ave. 
Porland. OR 97301 

Byte Shop Computer Store 
M82 5. МУ Cedar Hills Blvd. 
Beaverton. OR 97003 


Circle 24 on inquiry card. 


OKLAHOMA 


High Technology 
1020 West Wilshire Bivd. 
Oklahoma City, OK 73116 


RHODE ISLAND 


Coniputer Power. inc. 
M24 Airport Mall 
1800 Post Rd. 
Warwick, RI 02886 


SOUTH CAROLINA 
Byte Shop 

2018 Green Street 
Columbia, SC 29205 


TENNESSEE 
Microproducts & Systems 
2307 E. Center St. 
Кіпыѕроті. TN X7664 


TEXAS 

The Micro Store 

634 So, Central Expressway 
Richardson, TX 75080 
Computertex 

2300 Richmond Ave. 
Houston, TX 77098 
Interactive Computers 
7646 Dashwood Rd. 
Houston, TX 77036 


Byte Shop 
АТ Fondren 
Houston, TX TAA 


WASHINGTON 

Byte Shop Computer Store 
14701 N.E. 20th Ave. 
Bellevue, WA 98007 

The Retail Computer Store 
410 N.E. 72nd 

Seattle, WA 98115 


WASHINGTON, D.C. Arca 


Media Reactions Inc. 
13303 South Shore Dr, 
Reston. VA 22090 


WISCONSIN 

The Milwaukee 
Computer Stare 

6916 W. North Ave. 
Milwaukee, WI 53213 


CANADA 


The Compurer Place 
146 Queen 51. West 
Toronto, Ontario М5У 171 


Trintronics 

160 Elgin St. 

Place Bell Cannda 
Ottawa, Ontario K2P 204 
First Canadian 

Computer Store Ltd. 

44 Eglinton Avec. West 
Toronto, Ontario МАК ТАЛ 
Pacific Computer Store 
4509-11 Rupert St. 
Vancouver, B.C. VSR IH 


The 


Software 
Dilemma: 


Editoris 


How is it possible to simultaneously make software widely available (and 
low priced), yet reward the producers of good software with adequate 


compensation for their efforts? 


By Carl Helmers 


Conventional wisdom has it that propri- 
clary software musl come at extremely high 
prices, commensurate with concentrated 
work on the part of a small number of 
dedicated and thoughtful programmers. 
After all, this wisdom has it, we'll only sella 
few copies of package X anyway, so why not 
keep a tight lid on it and charge as much as 
possible? 

This conventional wisdom has worked 
well in the past, when the typical computer 
system might cost upwards of $10,000 or 
$100,000, But when the typical computer 
system comes in at a price on the order of 
51000, paying prices which are of this same 
order of magnitude for software packages 15 
not a very likely move on the part of the 
individual purchaser with his or her persanal 
budget, 

In ihe personal computing field we are 
participating in a markel phenomenon 
characterized by a change from the situation 
which supports the conventional software 
wisdom, ta a new situation which has its 
own characteristics. More und mare people 
are getting into the swing of things with 
computer use, and thus more and more 
peaple have needs which can and should be 
filled by specialized software products. 
Where compulers are concerned, when we 
talk about a 100,000+ person active indi- 
vidual user market as we do today, we are 
for the first time talking about the potential 
for mass marketing of software in ways 
unheard of in the conventional wisdom of 
computing, Establishing a new "conven- 
tional wisdom" is clearly required; as a step 
toward that goal, this paper provides a 
survey of the prospects [or mass marketing 


of software, and a solution of the soflware 
dilemma posed above, 


Let's Draw Some Parallels: 
Woodworking 


Like many individuals, | dabble a bit in 
the arts of crafting furniture. Suppose, for 
example, that | want Lo build a nice, neal 
contemporary rolltop desk for my study. As 
an individual with limited Lime available for 
such leisure crafts activity, ld probably 
want to start with an existing design rather 
than working oul all the details myself. In 
secking the end product of a rolliop desk, 
I'd be in the same situation (as a wood 
crafisman) as the owner of a computer 
system desiring a compiler, assembler, appli- 
calion product or peripheral. | know in 
principle thal ralltop desks exist and that in 
principle | could design then fabricate onc, 
or use an existing one as a mental model 
with my own variations. Bul to save time 
and possible mistakes | might want to Find 
some source of a "proven" design with 
detailed information on achieving the goal of 
a rolltop desk. Well, in the world of wood- 
crafting, as in the world of photography, the 
world of live steam model engines, or the 
world of backpacking, there are numerous 
sources af information including ready-made 
designs and techniques. | refer, of course, to 
books which are just published products 
with specific orientation or theme, 

Similarly, when | haye a computer system 
and | know that some neat language or 
sofiware development tool exists, ! also 
know that in principle | could write such a 
package myselí using my own design or 
general design concepis taken from any 


Continued on page 6B 


This editorial consists 
of the text of a paper de- 
livered at the First West 
Coast Computer Faire in 
April of this year. 


About those missing 
mailing wrappers and 
the May issue: 


A strike at the printing 
plant was responsible 
for May BYTEs arriv- 
ing late to subscribers 
and for May and June 
issues being mailed with- 
aut the customary brown 
wrappers, The wrappers 
will be restored as soon 
as our printing situation 
is restored to normalcy. ж 


Intel delivers micro 


ahead of the fast 


In 1971, Intel invented the microcomputer 
and quickly became the world’s largest 
supplier of microcomputers and micro- 
computer support products. We still are. 

Over the past six years we've in- 
vested millions of dollars to make the 
microcomputer even more useful and 
more economical. Today there are over 
195 Intel’ microcomputer hardware 
and software products available to help 
people like you keep ahead of costs, 
ahead of the competition and ahead of 
the fast changing world. 

Were now offering seven microcomputer 
families. Including the newest high performance 8085 and the single chip 8748 
with resident PROM. And 811.51 peripheral, memory and I/O support circuits to 
help you cut design time, do more and get to market first. To reduce design time 
even further, choose one of our SBC80 Single Board Computers or System 80 
BilSipenpheramemayand | Packaged microcomputer 

\/O support products sy stems. 

But a wide selection of 

microcomputer components 


and systems is only half the 
33 software products, users library Intellec Development System with А 
with 235 programs 42 options and accessories story. We also provide program- 


ming support, including the 
PL/M high level microcomputer 
language to help you cut months 


SU SBN вото Paerd rm off those big software develop- 
5 ЧЕТУ | ment jobs. And Intellec* micro- 
AERE | computer development systems 

A! | with ICE" in-circuit emulation 


7 microcomputer families 


computers to keep you 
changing world. 


and symbolic debugging to help reduce 
system integration and debug time. 

Then theres application assist- 
ance, training classes and regularly 
scheduled seminars available world- 

wide. A users library with 235 
programs and still growing. 

Intel's investment protects your 
investment. Here are a few examples. 
Our new 8085 microprocessor offers 

greatly improved performance over 
our industry standard 8080, with sub- 
> stantial cost savings. Yet you use the same 
software, the same peripheral, memory and 
I/O circuits as the 8080. You dont have to go through a new learning experience or 
re-invest in software to upgrade your system to 8085 performance. And that same 
kind of protection comes when you invest in an Intel development system. Last 
years investment in an Intellec system is preserved even when we introduce a new 
microcomputer. Our newest 8085 and 8748 microcomputers are now fully 
supported with development software | 
for your present Intellec system. 
And you will soon be able to add 
low cost ICE-85 and ICE-48 in- 
circuit emulation modules. 

Let Intel help you stay ahead. А UR 
Get started now by asking for our new microcomputer product line brochure 
describing the full line of Intel microcomputer products, systems and software. 
Use the reader service card or write: Intel Corporation, 3065 Bowers Avenue, 


Santa Clara, CA 95051. 


intel delivers. "—— 
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AN APL LOVER'S STORY 


Regarding the two letters by APL 
enthusiasts in your February 1977 issue, 
let me lend my voice to this group, While 
still in high school, | got my first taste of 
APL from a friend at IBM via a long- 
distance line to Detroit, and got access to 
Xerox Sigma 9 APL while a junior in 
college. Since then I’ve written a lot of 
APL code — including а 7 page pattern 
recognizer program (imagine what that 
would be in BASIC!) and about five 
pages of n-dimensional optimization 
routines, and now | am running IBM 
5100 APL where 1 work, Needless to 
say, | think APL is the greatest thing 
since left-hand Turing machines. 

| have just bought an ECD Micro- 
Mind computer (graphics) system with 
the explicit intent of buying 32 K of 
memory when the price comes down, 
and beg, borrow, buy, or if necessary, 
write an APL interpreter, (What about 
Tiny APL, analogous to Tiny BASICs 
being written now?) Since my computer 
will have graphics capability, | won't be 
interested in APL ROMs. (Might I sug- 
gest mnemonics, eg: $R for APL "rho," 
$QQ for APL "character quad,") | have 
used them "without hardly noticing,” 
But in any case, put my vote in for APL, 
and | would be happy to hear from any 
APL enthusiasts. 


Gregg Williams 
3439 Southern, #7 
Memphis TN 38111 


SOME APL 
PERIPHERALS QUESTIONS 


Yau can add my name to the list of 
those who would be interested in an 
APL character generator chip (Letters, 
February 1977). Like a lot of people 
who have used APL, i caught the bug, 
and have been disappointed that there is 
no software for the 8080 to support 
APL. Though | suspect it’s only a matter 
of time, 

A cost of $20 to $25 for a chip 
"feels" right to me. This would require 
about half the 500 buyers that Mr 
Montgomery postulates in his letter. I 
have a couple of warnings to add, 
though. First, a lull upper and lower case 
keyboard is desirable, although it's 
certainly possible to use a spare control 
key to signal upper case and take care of 
the translation problem in software. 
Such keyboards don't seem to be as 
cheap and available as the surplus upper 
сазе ones, Second, | can attest to the 
fact that using little stickers on the keys 
to show you where the symbols are leads 
to a lot of frustration, Belter to have 
keys imprinted with the letters and 
symbols, What would it cost to have sets 
of these made up for distribution with 
the character generators? 

I'm convinced thal there's a real 
market for a "small" (not tiny) APL 
interpreter. The word would spread fast 
to those who haven't had a chance to use 
it and are putting up with the inade- 
quacles of BASIC (mainly the size 
of source programs) without much 
complaint. 


James C Wilson 
Ketron Inc 

3250 Wing St #402 
San Diego CA 92110 


We know of one interpreter which 15 
nearly complete for the ТМ5-9900, plus 


severa! 8080 versions. Watch future 
BYTEs for some fairly extensive APL Ín- 
formation, Articles are now in prepara- 
tion concerning APL interpreter design, 
use of APL, etc. 


ON AUTOMATED BAROMETERS AND 
OBTAINING MERCURY 


| was very interested in Mr Firth's 
article on weather predictions (Decem- 
ber 1976 BYTE, page 62), for there have 
been very few articles in BYTE on 
getting a computer to do things other 
than to play Star Trek, | was especially 
interested in his idea about getting baro- 
metríc readings into a computer. Being a 
chemistry student | ran across an article 
in the Journal of Chemical Education 
(October 1976), Although the barometer 
in the Journal is a little different, it's 
basically the same as Mr Firth's, 

Also, in Mr Firth's article he men- 
tions that you need a quarter pound of 
mercury, and many lab supply houses 
will not sell you mercury for any reason 
without a company's purchase order. 
Another way of obtaining the mercury, 
although It may take some time, is to 
remove the mercury switches from old 
washing machines. The mercury is not 
very pure, but it can be cleaned up some- 
what by passing it through a pin hole in 
filter paper. The mercury obtained by 
this method is good enough ta be used in 
the barometer, This may seem a lot of 
work to go through, but it sure beats 
paying $13 for a quarter pound of 
mercury that you will probably use a 
quarter of, 


D Pasken 
23 Farview Cir 
Camillus NY 13031 


Mr Pasken enclosed a Xerox shot of 
the article he mentions, which can be 
found on page 670 of the October 1976 


SWTP 6800 OWNERS-WE HAVE A CASSETTE 1/0 FOR YOU! 


The CIS-30* allows you to record and playback data using an 
ordinary cassette recorder at 30, 60 or 120 Bytes/Sec.! No Hassle! 
Your terminal connects to the CIS-30* which plugs into either the 
Control (MP-C) or Serial (MP-S) Interface of your SWTP 6800 
Computer. The CIS-30- uses the self clocking ‘Kansas City'/Biphase 
Standard. The CIS-30* is the FASTEST, MOST RELIABLE CAS- 
SETTE 1/0 you can buy for your SWTP 6800 Computer. Kit — $69.95* 
Assembled — $89.95* 

(manual included) 

* plus 5% f/shipping 


К.-и ы] 


TEXAS RESIDENTS AOD 5% SALES TAX 


PerCom has a Cassette 1/0 for your computer! 
Call or Write for complete specifications 


PerCom Data Co. 
Р.О. Box 40598 • Garland, Texes 75042 = (214) 276-1968 


PerCom — ‘peripherals for personal computing’ 
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issue of the Journal of Chemical Educa- 
tion. The design is by fohn T Viola and 
William E McDermott of the US Air 
Force Academy. The design, in detail, is 
g recording manometer. Reference is 
made to a paper, circa 1953, by H T 
Svec and D S Gibbs (in Rev Sci Instr, 24, 
202, 1953) The paper also gives а 
reference to a source of wire for the 
measurement: 28 gauge bare nickel 
chrome wire cable cord manufactured by 
Consolidated Companies, Chicago IL. 


SOME SR-51 CALCULATOR 
INTERFACE INFO 


| read with interest Ralph Getsla's 
(Letters of January 1977 BYTE) request 
for information on interfacing his SR-52. 
My interests are similar, only my out- 
look evolves around the use of the SR-51 
A terminal strip that can be seen upon 
removal of the battery pack of the 51. 
My plan here is to interface the 51 to the 
modified TV typewriter terminal that | 
am presently in the completion stages of 
building, | was able, so far, to track these 
lines back to their source by the use of a 
hand held flashlight after disassembly of 
the 51 (see interface diagram). If | can 
get any information on the two chips in 
question | believe | would be in business. 


William D Lewis 
469 Heatherbray Ct 
San Jose CA 94136 


TMCO523NS-5 
"U1" 
Pigaybocked over 
{?) 


TMCOSOINL 
"02" 


PS: Could this interface be the same as 
the SR-52? 1 will be writing Texas 
Instruments for any information they 
will be able to give me on these devices, 
If not, | will operate via the probe, 


Who knows? 


Continued on page 122 


The new 
2708 MB-8 
BK-16K EPROM kit 
for just $85.00 


Both the MB-8 2708 and the MB-3 1702A EPROM 

boards offer these features: 

e Optional memory—option of 2K or 4K 1702А5, or 
8K or 16K 2708's. 

e Dip switch selection of addressing and wait cycles. 

• Reverse voltage protection. 

e On-board regulators for all voltages. 

* All sockets included. 

* Gold-plated contacts, 


Contact your local dealer today for complete details. 


o] Solid State Music 


Лу 4 2102А Walsh Avenue 
^o, Santa Clara, CA 95050 
; (408) 246-2707 

The 1702A MB-3 gives 


fou lowest cost 
EPROM versatility. 
Board only $65.00 


2K $105.00 
4K 5145.00 


Circle 178 on inquiry card. 


You've just run out of excuses 
for not owning a personal computer. 


Clear the kitchen table. Bring cassette interface, so you can swap 


in the color TV. Plug in your new 
Apple II? and connect any standard 
cassette recorder/player. Now you're 
ready for an evening of discovery in 
the new world of personal computers. 
Only Apple II makes it that 
easy. It'sa 


complete, ready to use computer, not a 
kit. At $1298, it includes video pa 
phics in 15 colors. It includes 8K bytes 
ROM and 4K bytes RAM —easily 
expandable to 48K bytes using 16K 
RAMs (see box). But you don't even 
need to know a RAM from a ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer with 

a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 
first evening, even if you've had no 
previous computer experience. 

The familiar typewriter-style 
keyboard makes it easy to enter your 
instructions. And your programs can 
be stored on —and retrieved from— 
audio cassettes, using the built-in 


with other Apple II users. 

You can create dazzling color 
displays using the unique color gra- 
phics commands in Apple BASIC. 
Write simple programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG—using the game paddles. 
supplied. You can even add the dimen- 
sion of sound through Apple H's 

built-in speaker. 

But Apple II is more 
than an advanced, infinitely 
flexible game machine. Use 
it to teach your children 

arithmetic, or spelling 

for instance. Apple II 

makes learning fun. 

Apple П can also 
manage household finances, 
chart the stock market or 
index recipes, record collections, even 
control your home environment. 

Right now, we're finalizing a 
peripheral board that will slide into 
one of the eight available mother- 
board slots and enable you to compose 
music elec- 
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 
allow your 
Apple II to 
talk with another Apple II, or to inter- 
face to a printer or teletype. 

Apple II is designed to grow 
with you as your skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible upgrades and peri- 
pherals will keep Apple II in the fore- 
front for years to come. 

Write us today for our detailed 
brochure and order form. Or call us 
for the name and address of the 

Apple II dealer nearest you. (408) 
996-1010. Apple Computer Inc., 
20863 Stevens Creek Boulevard, 
Bldg. B3-C, Cupertino, 
California 95014. 


Apple II'V is a completely self-contained 
computer system with BASIC in ROM, 
color graphics, ASCI keyboard, light- 
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game I/O interfaces built-in. Also in- 
cluded are two game paddles and a 
demonstration cassette. 


SPECIFICATIONS 

+ Microprocessor: 6502 (1 MHz). 

* Video Display: Memory mapped, 5 
modes —all Software-selectable: 

* Text—40 characters/line, 24 lines 
upper case. 

* Color graphics — 40h x 48v, 15 colors 

- High-resolution graphics —280h x 
192v; black, white, violet, green 
(12K RAM minimum required) 

* Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 

· Completely transparent memory 
access, All color generation done 
digitally. 

* Memory: up to 48K bytes on- board 

RAM (4K supplied) 

* Uses either 4K or new 16K dynamic 
memory chips 

- Up to 12K ROM (8K supplied) 

* Software 

* Fast extended BASIC in ROM with 
color graphics commands 

* Extensive monitor in ROM 

* I/O 

- 1500 bps cassette interface 

- 8-slot motherboard 

* Apple game I/O connector 

* ASCII keyboard port 

* Speaker 

* Composite 
video 
output 


р 


Apple П 15 also 
available in board-only 
form for the do-it-yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. $598. 


PONG is a trademark of Atari Inc. 


*Apple II plugs into any standard TV using 
an inexpensive modulator (not supplied). 


Фарріе computer inc: 


Circle 272 on inquiry card. 
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Games аге More Fun with 
Action Inputs 
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This little truism can be confirmed 
by anyone who has implemented and 
played a space war with joystick control, 
or used joysticks for direct control of 
moving systems such as robots or other 
mechanical marvels. Cromemco, 2432 
Charleston Rd, Mountain View CA 


A New Audio Tape Cassette Driver 
for the Altair Bus 


PerCom Data Company Inc, 4021 
Windsor, Garland TX 75042, has just 
introduced a new version of Harold 
Mauch's Kansas City standard phase en- 
coding audio signal interface board, a 
version which plugs directly into an 
Altair bus slot. Harold's design allows 
phase encoding with redundancy at 300 


bps (Kansas City standard), 600 bps, 
1200 bps and 2400 bps. In addition to 
the tape interface function, the Ci-812 
product also includes a companion 
RS-232 terminal interface with data 
rales from 300 to 9600 bps, The kit 
price of this board is $89.95, and an 
assembled version is $119,95.a 


Circle 602 on inquiry card, 


94043, has sent along this photo of Lhe 
new mode! [S-I joystick console adap- 
ters for their Altair compatible D*7A 10 
board. Whal you gel is two independent 
game control boxes with two axis joy- 
sticks, four game function buttons, and 
loudspeaker outputs for aural effects 
(such as photon torpedo or phaser 
sounds), The kit form of the box {in 
foreground) is available for $65.m 


Circle 601 on inquiry card. 


Hard Copy That's Hard ta Beat for Speed 


The Digital Group, POB 6528, Den- 
ver CO 80206, has announced what is 
probably the fastest and widest line 
width matrix impact printer mechanism 
and electronics package yet to be mar- 
keted to personal computing users. In kit 
form (kit refers to the electronics, not 
the mechanics), prices for this printer 
start al $495. What you get is a fast 120 
characters per second 5x7 dot matrix 
printer which gives 96 characters per line 
at 12 characters per inch pitch, and line 
spacing of six lines per inch, 


Since it is a true impact printer 
mechanism intended for computer sys- 
tems use, it will take up ta four part 
forms and should prove most useful to 
business people for that reason, For the 
amateur computer person with software 
development in mind, the 120 character 
per second rate means listings of assem- 
blies and compilations which take one 
twelfth the time of a 10 character per 
second Teletype, but at a price for the 
mechanism and its interface which is 
tower than the new cast of a Teletype! 
Other features of the OEM mechanism 
selected by the Digital Group inciude 
built-in ribbon reinkers for a total ribbon 
life of 10,000,000 characters, use of 
8.5 inch (22 cm) wide standard roll, fan- 
fold or sheet paper, an 8 bit parallel 
interface ready to plug into your com- 
puler's output port after you wire up the 
cable, and the option of double width 
characters, For those with idle curiosity, 
the inking life of 10,000,000 characters 
before replacement of ribbon cor- 
responds to aver 23 hours of flat-out 
printing, or 250,000 tines with 40 non- 
blank characters рег line, ж 


Circle 603 on inquiry card. 


16 


Inexpensive Wire Wrap Tools 


OK Machine and Tool Corporation, 
3455 Conner St, Bronx NY 10475, has 
come out with a unique product line of 
wire wrapping tools and accessories for 
the amateur electronics person, These 
products include manual and battery 
powered wire wrapping tools, precut and 
stripped wire, wire rolls, dual in linc 
package sockets, and wire wrapping 
"kits." Of particular interest lo people 
on a tight budget is a new low in prices 
for wire wrapping tools which are 
powered. The OK  BW-630 battery 
powered svire wrap tool uses standard C 
size batteries and comes equipped with a 
bit and sleeve for wrapping AWG 30 wire 
for only $34.95 (less batteries). This is 
not a kluge, but a genuine wire wrap gun 
with positive indexing mechanism to 
return the bit to a well defined position 
after each wrap, and the usual ''anti- 
backforce" spring loading of the bit to 
prevent overwrapping. Both of these 
fealures are standard items on the in- 
dustrial wrapping guns which have been 
used for years.@ 


Circle 604 on inquiry card. 


Order your AppleII now. 


Use this order form to get your Apple II fast. As a special offer for 
those who order now, we will include free a custom vinyl carrying case 
(a $50 value). And we will also pay shipping charges to anywhere in the 


continental United States. 


Apple II Price List. 


RAM Apple П Calif. Residents Apple П Calif. Residents 
Complement System Add Board-only Add 
4K $1,298.00 $ 84.37 $ 598.00 $ 38.87 
8K 1,398.00 90.87 698.00 45.37 
12K 1,498.00 97.37 798.00 51.87 
16K 1,698.00 110.37 978.00 63.57 
20K 1,778.00 115.57 1.078.00 70.07 
24K 1,878.00 122.07 1,178.00 76.57 
32K 2,158.00 140.27 1,458.00 94.77 
36K 2,258.00 146.77 1,558.00 101,27 
48K 2,638.00 171.47 1,938.00 125.97 + 


Memory is offered at a 20% savings when ordered with the system—or board—as reflected in the prices above. 


Additional RAM can be easily added-in at a later date as your needs develop. 


One set 4K chips (4K bytes) $125 
One set 16K chips (16K bytes) $600 


Prices and specifications subject to change without notice. 


=арріе computer inc. 


20863 Stevens Creek Blvd., B3-C 
Cupertino, California 95014 
(408) 996-1010 


Order Form 


D Please send те an Apple II System 

[1 Board Only 

with ___ K bytes of RAM (4K minimum) at $ 

California Residents add 6.5% tax 
Total $ 

Name 

Address 

City 

Sta  ._. Zip 

Phone 

Shipping Address (if different) 


[1 Cashier's check or money order enclosed. 
(Please allow 2 additional weeks for personal checks.) 
Please charge to my 
C] BankAmericard 
[] VISA 
O Master Charge 
Card Number 


Expiration Date 


Signature 


Mail to: Apple Computer Inc., 20863 Stevens Creek 
Blvd., B3-C, Cupertino, California 95014 


Circle 272 on inquiry card. 


Douglas R Kraut 
4373 Ashwaoody Tri 
Atlanta GA 30319 
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Designing Multichannel 


Analog interfaces to and from the per- 
sonal computer system can present a diffi- 
cult dilemma to the small systems user: The 
analog interface usually is a very expensive 
proposition, especially if more than one 
input and one output are needed, Schemes 
like that suggested by Roger Frank /page 70 
of the May 1976 issue of BYTE], can 
greatly reduce hardware complexity, and 
thus cost, since much of the interface 
burden is left to the saftware of the com- 
puting system. Direct extension of this 
principle to the case of multiple input 
voltages and multiple output voltages can, 
however, result in a hardware cost that at 
the least rises linearty with the number of 
needed outputs and inputs. One alternative 
scheme requires an additional bit of input to 
the computer and one additional voltage 


DIGITAL 
TO ANALOG 
CONVERTER 


GUTPUT 


VOLTAGE 


COMPARATOR 


Figure 1: Block diagram symbolizing the hardware that is needed for a 
multiplexed analog to digital converter for eight inputs. The three outputs 
from 10 port B select the analog channel. The output fram the multiplexer js 
fed to the negative side of a voltage comparator. An analog output from a 
digital to analog converter is fed to the positive side of the comparator, When 
the analog value from the converter is greater than the value being tested, the 
voltage comparator will output a 7. Using successive approximations the 
input voltage can be determined. 
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comparator for each additional analog to 
digital input up to a total of 8. On the 
output side each additional voltage output 
leads to an additional 8 bit output port and an 
additional 8 bit digital to analog converter. 
This results in a situation where a many 
input, many output analog interface requires 
an inordinate amount of hardware, which 
means money to the user. (We should not 
kid ourselves by saying that агре numbers of 
analog channels are rarely needed. Many 
worthy applications, like contro! of analog 
music synthesis, automated test facilities or 
control of robots would easily push the 
number of channels needed beyond the 
point of no return for the previdusly sug- 
gested schemes of interface.) Thus one must 
turn to a modified philosophy of interface 
design in order to meet the necessary goal of 
a less expensive analog interface. 

Fortunately digital techniques provide us 
with a method of solution to the problem: 
time multiplexing. Time multiplexing is 
simply the process by which one device can 
be made to function as many logical devices. 
To the user these virtual devices appear as if 
they were full fledged dedicated devices. 
Thus our objective is to find some technique 
by which one analog to digital converter and 
one digital to analog converter can be made 
to function in many seemingly simultaneous 
conversions. 


Basics of Time Multiplexed Interfaces 


The basic principles are illustrated first 
for the analog to digital case. Figure | 
illustrates the hardware that allows multi- 
plexed analog to digital conversions. An 
output port, A, from the computer is used 
to provide the necessary eight bits to drive 
the digital to analog converter (DAC). The 
output of the digital to analog converter is 
connected to the minus input of the voltage 


Analog Interfaces 


comparator. The output from the com- 
parator provides an input to the computer 
by way of the most significant bit of an 
input port to the compuler. This structure 
thus far is identical ta the scheme proposed 
by Roger Frank. The difference is that the 
positive input to the comparator 15 no longer 
connected directly to the voltage to be 
converted. Rather the comparator is con- 
nected to the voltage ta be converted by 
way ol an analog multiplexer. 

The analog multiplexer here is performing 
the needed function that allows onc analog 
to digital converter to deal with many 
channels. A typical application might use in 
8 to 1 multiplexer, Thus any one of the 
eight voltage inputs might become the voll- 
age to be converted if the multiplexer selects 
it. 

The selection is accomplished by a binary 
code applied ta the select input of the 
multiplexer. In an 8 to T device the hinary 
code 011 would pick the input labeled 3. 
The code which selects the input was set by 
the computer through an output port. For 
our 8 to 1 example three bits would be 
needed, possibly originating fram the Iriwer 
threc bits of an 8 bit output port. 

This change results in almost no change in 
the software that would service the analog Lo 
digital conversions. In fact, the only neces- 
sary modification is to preload the channel 
selection word, which chooses the voltage to 
be converted in the proper ошри port. 
Then the analog to digital conversion routine 
can be called, 


Time Multiplexed Digital to 


puis from the converter still remains. We can 
apply the versatile analog multiplexer to 
solve this problem as well. (However, there 
are complications that can mask the simplic- 
ity of the method.) 

The basic hardware of the multiplexed 
digital to analog converter output is shown 
in block form in figure 2. Once again the 
source of the digital to analog converter's 
word is an 8 bit output port from the 
computer. The outpul is now connected ta 
multiplexed sample and hold circuits. Much 
like the multiplexer used in the analog to 
digital conversion system the multiplexed 
simple and holds connect the output of the 
digital to analog converter to the desired 
analog output which is chosen by the select 
inputs to the multiplexer. The difference 
between the plain analog multiplexer and 


SAMPLE 
AMD HOLD ANALOG 
CIRCUITRY MULTIPLEXER 


Б 
5 

ANALOG | ^ 

OUTPUTS 


OUTPUT 
SELECT 


STROBE 


DIGITAL 
TO ANALOG 
CONVERTER 


Figure 2: Block diagram of the basic hardware needed for a multiplexed 
digital to unalog converter for eight channels of output, Three bits of output 
from IO port B select the channel that is to be used. When a strobe is enabled 
the chosen channel is activated. Euch analog channel has a sample and hold 
circuit. which must be updated periodically due to the leakage of the 
capacitor. 


Analog Conversion 


Multiplexing of the analog to digital 
conversion really only solves half of ihe 
analog interface problem. The problem of 
economically generating multiple analog oul- 
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VOLTAGE 


TO BE HELD 1—2 


SAMPLE 
commana 22 


INPUT 


SWITCH 


oT 


HIGH IMPEDANCE 
BUFFER 


HELD 
[> VOLTAGE 


Т MEMORY CAPACITOR 


Figure 3: Functional schematic of a typical sample and hold circuit, The 
input switch can be mechanical or electronic, in the cose of a multiplexed 
interface it is an analog switch, 


А s NUMBER 
OF 
CHANNELS 


SELECT 
CHANNEL 
SET OUTPUT 
VOLTAGE 


ENABLE 
STROBE 
DISABLE 
STROBE 


Figure 4: Flowchart of a 
ivpica! IO driver for a 
digital to analog system, 
This program is called peri- 
odically їп update the 
value that is being held by 
the sample and hold 
vircuitry. 


the multiplexed sample and hold is memory. 
The multiplexed sample and hold has the 
ability to remember the voltage thal was 
applied to the desired output (for a while). 

Before proceeding, some background 
information on sample and hold circuits in 
general will prove instructive. A functional 
schematic of a sample and hold circuit is 
shown in figure 3, The major components of 
the sample and hold circuit are an electronic 
input switch, a memory capacitor and a high 
impedance buffer. The sample and hold 
circuit works as follows: The voltage to be 
remembered is applied to the input. The 
swilch is closed, allowing the voltage to be 
applied Lo the capacitor. The switch is then 
opened and the inpul voltage can now be 
changed because the output of the sampic 
and hold now reftects the formally applied 
voltage. This discussion assumes ideal cum- 
ponents. There are a number of error 
sources. The majority revolve around the 
memory capacitor, 

The remembered voltage is stored as an 
eleciric. charge in the memory capacitar, 
Because of this any variation of charge with 
time, 1e: currenl, causes an error in the 
remembered vollage. This explains the need 
for a high input impedance in the bulfer 
amplifier sa thal it doesn't drain away too 
much charge. A measure of a sample and 
hold circuil’s ability to retain the voltage to 
within à certain percentage is 115 hold time. 
Another problem associated with the 
memory capacitar is acquisilion time. This 
arises from the fact that charge cannot be 
delivered instantly to the capacitor. A finite 
amount of time is needed Lo deliver enough 
charge to change the capacitor lo the new 
vollage. Thus we have two design para- 
meters: hold time and acquisilion time. 

The multiplexed design is not much 
different (rom the principles outlined above. 
The sample switch is merely replaced by eur 
friend, the analog mulliplexer. The output 
to be changed is selected, the strobe then 
enabled (closing the switch) and alter the 
acquisition time, disabled (opening ihe 
switch}. The select word and the sttobe wilt 
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possibly originale fram the lower four bits, 
for an 8 output system, of an output port 
from the computer. 

This type of interface does represent a 
burden on Ше computer. The reason for this 
burden is the very finite hold time of the 
capacitor. No sample and hold circuit can 
retain its value forever. The time can be 
increased by using a larger capacitor, bul a 
limit is reached because a larger capacitor 
leads to longer acquisition times. Thus, the 
sample and hold device must be updated 
periodically if the outputs are to remain 
accurate. This situation is not unlike that of 
dynamic memories which are effectively two 
state sample and hold circuits. 


Use of the Multiplexed Digital 
to Analog System 


Obviously this type of interíace will 
require much more computer intervention. 
The software, though, is not difficult. A 
possible 10 driver is flowcharted in figure 4. 
For an 8 output system an 8 entry data file 
is needed to hold the current output values. 
Periodically (perhaps cued by the interrupl 
system) with a period less than the hold time 
a routine is executed to update the eight 
outputs. The main loop of this routine 
consists of the following: The value of the 
output presently being updated is sent Lo the 
digital to analog converter interface. The 
aulpul is then selected and strabed. This 
action then repeats until all eight outputs 
have been updated, 


What Time Multiplexing Buys You 


For the small systems user minimizing 
hardware is essential. The potential saving of 
a time multiplexed analog interface is high. 
The reason for this in general is the reduced 
hardware. Another not so apparent reason is 
the easc of expansion. 

The most obvious hardware savings 
occurs in the digital to analog converter. 
This is because eight channels can be had for 
the cost of one converter, one 8 to 1 analog 
mulliplexer, eight memory capacitors, eight 
output buffers, and two output ports. This ts 
conlrasted to the eight converters, and the 
eight output ports from the computer 
needed by the conventional brute force 
approach. On the inpul side the gain is nol 
as obvious, Here we have replaced eight 
comparalors with one comparator and a 
multiplexer. Both cases require an output 
port, an input port and a digital lo analog 
converter. A check of prices reveals, though, 
that cighl compuarulors cost more than onc 
multiplexer, 

The clincher is when one considers up- 
dating the system 1o more than eight chan- 


nels. The output channel needs only to 
increase the number of sample and hold 
devices which is cheaper by factors of eight, 
The brute force scheme required опе more 
converter and one more outpul port per 
additional channel, Table i compares the 
number of components needed for a con- 
ventional and a multiplexed system based on 
16 channels. 

The multiplexed analog to digital con- 
version process has an cven more spectacular 
success. [n the dedicated hardware approach 
each channel requires one comparalor and 
one bit of input to the campuler, The 
increment for the multiplexed approach is 
only one multiplexer per eight additions, 
and ane hit of output. Table 2 compares the 
needed components, based on 16 channels. 
Thus overall we see that the multiplexed 
approach offers a multitude of hardware 
savings. 


What Time Multiplexing Costs You 


This design technique is typical of many 
that trade hardware for software. Obviously 
since we have taken so much out of the 
hardware, the software and compuler etfi- 
ciency will degrade. IL is perhaps a truism 
that if the interface is designed intelligently 
these problems can be minimized. 

The analog Lo digital interface suffers the 
least. The main problem here is the amount 
of time spent doing the conversion routine, 
If fast changing inputs or a multitude of 
maderate inputs are to be converted then 
the computer is severely loaded, However, 
many applications only require moderate 
conversion rates. Foremost of these are 
interfaces 1o human operators, Maximum 
conversion. rate needed here 15 around 
100 Hz. Typically, this is around 0.001 Hz 
to 0.1 Hz. Examples of this arc the propor- 
tional controls in games and operator set 
parameters. Control signals in electronic 
music also lall in these calegories, Thus this 
lype of interface can work well in many 


GLOSSARY 


Acquisition Time: The time required for a sample 
and hold circuit to change from its previous value 
toits new value within a prescribed tolerance. 


Analog Multiplexer: A solid state device that 
allows a multitude of connections 10 be accessed 
hy а common ling. The action is like an N position 
switch. 


Comparator: An analog device whose output i5 
logical 1 if the plus input is greater than the minus 
input and fogical О if the situation is reversed. 


Digital to Analog Converter [DAC): A device 
whose output analog signal icurrent typically) is 
proportional ta a digital word at its input. 


Component Dedicated Multiplexed 
Digital to analog 
converter 16 1 
IO ports 16416 bits 2 
H ta 1 multiplexer Ü z 


Table i: Comparison of ihe amount of 
hardware thal is needed for the direct 
method of atyitul tu unalog converter versus 
the multiplexcd method of interfacing. The 
table is constructed for an interface con- 
sisting of £6 channels. 


Component Dedicated Multiplex ad 
Digital to analog 
converter 1 1 
IO ports 3 2 
Voltage comparators 16 1 
B te 1 multiplexers ih) 2 


Table 2: Comparison. of the amount of 
hardware needed for direct methods. of 
analog to digital interfacing versus the multi- 
plexed method of interfucing. The table is 
consirucied for un. interface consisting of 
16 channels. 


typical applications if the rates and the 
numbers are nol excessive, 

The digilal ta analog interface suffers 
from a similar situation. Here the main 
problems are extremely slow changing out- 
puls or turge numbers of fast outputs. Here 
again an analysis of likely applications re- 
veals thal a great number of outpuL signals 
reside in the frequency spectrum. belween 
THz and 100 Hz. Sample and hold circuitry 
can be economically designed with hold 
times in the excess of one second. Also the 
whole refresh process сап be made transpar- 
enl 1o the main program if it is done under 
interrupt central by causing Lhe update 
rouline ta be execuled at the rate of the 
fastest vulput in response Lo the request of a 
pregiummabie timer, As with the analog to 


High Input Impedance Buffer; A device whose 
input draws little current from any other devices 
connected to it, It is important in a sample and 
hold circuit since currents cause the voltage held in 
the memory capacitor to discharge. 


Hold Tene: Amount of rime that passes before the 
output from a sample and hold circuit changes 
fram the originally held value by a prescribed 
tolerance. 


Sample and Hold: Analog memory device which 
stores a voltage as electrical charge in a capacitor. 


Time Multiplexing: Process of combining several 
measurements for transmission over one signal 
path. In our case, this signal path ts the 10 port 
structure of a processor. 
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Figure 5: Schematic of the multiplexed analog to digital and digitul to analog 
interface. The parts were mostly chosen for speed and cost considerations, 
The integrated circuits are mostly CMOS, Afi resistunces are measured in 
ohms and all resisiors are 1/4 W. Be sure to bypass euch power pin with a 
Q0! uF capacitor to help eliminate any stray spikes originating from power 
surges. 


digital cases this type ol interface works well 
with a moderate number of medium speed 
outputs or a multitude of low speed outputs. 
Note that outputs which can be changed at a 
rate up to that of the acquisition time (if 
only one channel is used) can be had by 
using fewer channels in the output program 
loop. Outputs that meet these requirements 
are some automatic testing signals, mechani- 
cal devices and control signals for electronic 
music. 
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To summarize, this type of interface 
burdens the computer system. Using iL 
wisely for moderate types of signals does 
lead to a workable system. Conveniently 
these types of signals are quite prevalent in 
interfaces to humans, and many types of 
equipment. 


A Complete Design Example 


To illustrate these principles in more 
concrete Lerms a complete interface is des- 
cribed in figure 5. The 8 channel interface 
represents hardware well within the realm of 
most small systems users. It is optimized for 
signals from 0,1 Hz io around 100 Hz, 
though lower and higher rates are possible at 
the expense of efficiency. This type af 
interface is useful in interactive games, 
testing of equipment and electronic music. 
Parts used are neither exotic nor expensive. 

Figure 5 contains the complete circuit. 
The following comments on componenl 
selection are in order. The digital ro analog 
converter was chosen for cost reasons, 
However, almost any state of the art current 
output converter can be used. Note that a 


multiplying converter can provide for scaling 
of the output by a voltage, possibly from 
another interface. The LM318 operational 
amplifier was chosen to be the current to 
vollage converter to minimize response time 
of the DAC. As such, only an operational 
amplifier of similar speed should be sub- 
stituted unless you can talerale slower 
response. Also care must be taken to isolate 
the amplifier from stray signals, or it could 
become unstable and oscillate. The multi- 
plexer chosen for both converters is one of 
the CMOS variety. [n order to meet the 
Specifications on this device and give an easy 
design, the voltages of this system are re- 
stricted to + 5 V, This allows for adequate 
range for most 8 bit applications. 10 V full 
scale means one bit is 39.1 mV. This can be 
scaled down if needed, 

The sample and hold capacitor was 
chosen [о satisfy the acquisition and hold 
time requirements. Changing its value can 
tailor the system to individual needs. Always 
use polystyrene capacitors since their char- 
acteristics are essential Lo a good interface. | 
used the new CMOS operational amplifiers 
for the buffers because of their high imped- 
ance and fow cost. Notice that Lhey operate 
on the same power supplies as the analog 
switches, 

The comparator was chosen for its low 
cost and speed. Similar devices could be 
substituled. The necessary power supplies 
are £15 V and +5 V. The £15 V could be 
reduced to +12 V if convenient. 

The software for such an interface is nol 
difficult, Roger Frank's article and figure 4 
contain the basics. À complete routine 
written for an MOS Technology 6502 based 
system is shown in listing 1. 


Summary 


A multichannel analog interface can be 
designed with a minimum of hardware if a 


COMPUTER MUSIC WiTH OR WITHOUT 


EQUALLY TEMPERED DIGITAL TO ANALOG CONVERTER 


Based on a multiplying principle, the 8780 generates the 
exact exponential stair-step function required to make 
the simplest linear response oscillators and filters 
produce equally tempered musical intervals. 6 bits of i 
data generate over 5octaves control voltage. Compatible Capabilities and control 
with PAJA synthesizer modules, easily interfaced to any 


processor with or without hand-shaking logic. 


#8780 D/A CONVERTER KIT., $24. 95 (4$1 postage) 


THE PAIA HIGH LEVEL LANGUAGE FOR COMPUTER 
MUSIC DATA ENTRY [We call it a keyboard) 


Ап л кеу rollover scanning matrix encoder tied to 
a37 note AGO keyboard provides 6 bits of date and 


Listing 1: Typicul program written for a 6502 based system to update eight 
digital to analog conversion channels, The program sequentially addresses 
each channel, outputs the desired voltage to be held, disables the channel, and 
steps to the next channel. This is done once for each time that the program is 
called. This program соціа be set up us an interrupt handler which responds 
to a clock strobing an interrupt line. 


Label Op Operand Commentary 

UPDATE LDX #07 inittalize pointer; 

LOOP LDA,zpa,X BUF get next byte for output; 
STA DAC output byte; 
TXA accumulator:-pointer; 
STA CONT select channel and enable sample and hold; 
ORA 04 turn sample and hold strobe off; 
STA CONT turn selected sample and hold off: 
DEX Pointer:=pointer—1; 
BPL LOOP if pointer >=0 then go to LOOP; 
RTS else return from subroutine; 


Data Definitions 


BUF:  Astring of output bytes 
DAC: Address of DAC output port 
CONT: Address of control port 


few software vs hardware trade offs are 
made. Though the multiplexed approach 
does impose some software burdens, for 
most applications the varialion of the 
outputs and inputs is slow enough to make 
this type of interface Lransparent under the 
interrupt system, This type of interface 
should make many real world applications 
possible to the limited budgels of most 
experimenters, = 
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„ТЇ THECOMPUTER 


WITH A COMPUTER - WITHOUT ACOMPUTER 
Both the 8780 D/A and rf An infinite hold, DIGITAL 
the 8782 Encoded Key- Sample & Hold and the heart 
board easily interface to of an entire system of mod- 


wes that will be introduced 
over the next few months 
including: Memories, 
Polytonic output modules 
an and others, 


any processor providing 


never before possible with 
music synthesizers 


DETAIL 
QN THESE & MORE 
IN OUR FREE CATALOG 


both STROBE and STROBE control outputs, Input 
control lines to the encoder include SCAN (starts & 
stops the encoder clock), RESET, START & RANDOM 
making the keyboard universally applicable to a11 

computer/processors fromthe largest to the smallest. 
#8782 ENCODED KEYBOARD, . $109, 95 (+ freight 20 Ibs) 


ET 
ELECTRONICS, IMC. 
DEPT. 6-B 1020 WEST WILSHIRE BLVD. 


OKLAHOMA CITY, OK 73118 


23 Circle 265 on inquiry card. 


COMPLETE 


FLOPPY DISK SYSTEM 
FOR YOUR ALTAIR/IMSAI 
$699 


That’s right, complete, 

The North Star MICRO-DISK SYSTEM uses the Shugart 
minifloppy' M disk drive. The controller is an S-100 com- 
patible PC board with on-board PROM for bootstrap load. It 
can control up to three drives, either with or without 
interrupts. No DMA is required, 

No system is complete without software: we provide the 
PROM bootstrap, a file-oriented disk operating system (2k 
bytes), and our powerful extended BASIC with sequential 
and random disk file accessing {10k bytes). 

Each 5” diameter diskette has 90k data byte capacity. 
BASIC loads in less than 2 seconds, The drive itself can be 
mounted inside your computer, and use your existing power 
supply (.9 amp at 5V and 1.6 amp at 12V max). Or, if you 
prefer, we offer a power supply ($39) and enclosure ($39). 

Sound unbelievable? See the North Star MICRO-DISK 
SYSTEM at your local computer store, For a high-performance 
BASIC computing system, all you need ts an 8080 or 280 
computer, 16k of memory, a terminal, and the North Star 
MICRO-DISK SYSTEM. For additional performance, obtain 
up to a factor of ten increase in BASIC execution speed by 
also ordering the North Star hardware Floating Point Board 
{FPB-A}. Use of the FPB-A also saves about 1k of memory by 
eliminating software arithmetic routines. 

Included: North Star controller kit (highest quality PC 
board and components, sockets for all IC's, and power regula- 
tion for one drive), SA-400 drive (assembled and tested}, 
cabling and connectors, 2 diskettes (one containing file DOS 
and BASIC), complete hardware and saftware documentation, 
and U.S. shipping. 


MICRO-DISK SYSTEM... $699 To place order, send 
(ASSEMBLED) ....... $799 ppd ndn poder. an 
ADDITIONAL DRIVES... $425 ea. or MC cord # with eup 
d . Uncer- 

DISKETTES. ..... ners S405. fed ches МА B 
PRESA rue Ay vs een t $359 weeks processing. Calif. 


(ASSEMBLED) ....... $499 residents add sales tax. 


NORTH STAR COMPUTERS, INC. 


2465 Fourth Street 
Berkeley, CA 94710 


Circle 155 on inquiry card. 24 


A High Performance 
Character Display Terminal 


Volker-Craig Ltd, 266 Магѕіапа Dr, 
Waterloo, Ontario CANADA М2) 371, 
has introduced а new data terminal 
intended for use jin small business 
systems, timesharing and other small 
tomputer end user applications. The 
features of this terminal include RS232C 
interface at rates from 110 to 9600 bps, 
a 1920 character display (24 lines of 80 
characters), 12 inch CRT display, com- 
posite video output for extra slave 
monitars, XY cursor addressing by 
computer or operator, 64 key ASCII 
keyboard with tactile feedback and auto- 
matic repeat, and an optional separate 
numeric data entry keypad. Options 
include upper and lower case ASCII 
keyboard and display, switched serial 
interface, parallel input and output inrer- 
faces, and custom keyboard character 
fonts such as APL or French. The 
display is the model VC303A, and the 
price is $1595 in quantities of one, $995 
to distributors and OEM quantity 
buyers,w 


Circle 605 on inquiry card. 


Here's a Product That Counts 


E Barry Hilton, president of Auto- 
mated [ndustrlal Measurement Inc, РОВ 


routines, flow charts 
more! 


ЭС. 
эУОгс\@Ягс 


New books... for everyone who's into 


Ју F 
/ 


their own computer. Programs. 
Fun. Games. Languages. Excitement. 


SCELBAL, the new microcomputer language 


SCientific ELementary BAsic Language for "B008'"/'"8080" 
systems. A complete, illustrated program book. Routines. 
Techniques. Source Listings, Flow Charts. And more. 
Took several years to develop. Now yours for many years 
to come. First time that intimate details of higher level 
language has been offered for such a low price. Only $49! 
You get 5 Commands: SCR, LIST, RUN, SAVE, LOAD. 
14 Statements: REM, LET, IF.., THEN, GOTO, FOR with 
STEP, END, INPUT, PRINT, NEXT, GOSUB, RETURN and 
optional DIM. 7 Functions: INT, SGN, ABS, ЗОЯ, RND, 
CHR, TAB. And, it runs in 8K and more. Here's all the 
data needed to customize a high level language for your 


system... at a fraction of the cost! 
49 npa. 


SCELBAL SUPPLEMENTS... 
SCELBAL has taken off so fast, 


Order your copy today! Gel $ 
started advancing your system! 


functions LEN and ASC. It sells 


T X 


por 


Delectable "how to" facts, 
including descriptions of 
"8080" ог "6800" instruction 
sets. How to manipulate 
stacks. Flow charts. Source 
listings. Genera! pur- 
pose routines for 
multiple precision 
operation. Program- 
ming time delays for 
real time applications. 


ог "6800" computer. 
in machine language 


чєє БЕ COMPUTER 
CONSULTING INC 


2 


Prices shown for North American customers. 
Master Charge. Postal and Bank Monsy Orders 
preferred. Personal checks delay shipping 

up to 4 weeks. Pricing, specificallons, 
avallabillly subject to change without notice, 


SCELBE COMPUTER 
CONSULTING IN. 


Circle 26 on inquiry card. 


EZ 


Cook up mouthwatering programs 
for your “8080” ог “6800”! 


Order your copies today! 
Start cookin'! Bon Appetite. 


GAIAXY 


Captain your own starship on an inter-gallactic 
journey to adventure. 
combat. Plan a painstaking journey 
battles, refueling problems, weaponry, warp 

factors and more—all against your ‘'8008''/"'8080" 


A complete language for 
"8008'/'"8080" systems 
including source listings, 


and 


T, 


/ 


two special supple- 


ments had to be printed. First, there's Extended Math 
Functions: SIN, COS, LOG (BASE E), EXP (BASE E) 
апа АТМ... only $5.00 ppd. The second supplement, 
String Handling Capabilities, includes the numeric 


for only $10 ppd. 


Random number generators. 
And more. You even get float- 
ing point arithmetic routines! 
Input/output processing for 
basic |/O programming 
through interrupt processing. 
And so much more, we can't 
list it all here. Scelbi's 
Software Gourmet Guides 
and Cookbooks for ''B0B0" 
or '*6800". (Specify!) 


$4395 
9 each ppd. 


Microcomputer Outer 
Space War Games... 


Meet alien у in realistic 
illed with 


Either complete book, written 
for 4K memory, is an 


ongoing, ever-changing interstellar adventure, 
including source listings, flow charts, routines and 
much more. Choose your copy today. Blast off 

to high adventure in outer space! 


Order either GALAXY today! $ 


| ———————— BÁN 


1 ", ach ppd. 


Scelbi Books are available 
in many fine Computer Stores. 


Post Office Box 133 PP STN 
Milford, CT 06460 


END FRONT 
PANEL 

FIDDLING... 
Use a 


JUMP 
START. 


4K RAM 


With a JUMP START 4K RAM 
board in your Altair/IMSAI, 
the system will jump to any 
preset byte of memory after 
power-up or resel. Never tog- 
gle a jump to your monitor or 
boolslrap again! Just power-up 
or hit reset —JdMP START 
aulomatically transfers con- 
Iro! to the selected address. 
The JUMP START 4K RAM 
board has these standard 
fealures: 


* 4K 450 ns law power RAM 

* fully buffered 

* DIP switch address selection 
* memory protect wilh POC 

* battery backup connector 

* fully socketed 

* disabled during INTA 

* oplional wait state 


Prices: 
Kit $145 
Assembled 190 


Cail toli-[ree anytime to 
place credit card orders: 
800/648 5311 
Prepaid mail orders shipped postpaid 


in USA, California residents add 6% 
salus lax. 


MICROMATION 


MICROMATION INCORPORATED 
524 UNION STREET 

SAN FRANCISCO, CA. 94133 
415/398-0289 


Dealer inquiries invited 


CIRCLE NO. 242 


125, Wayland MA 01778, stopped by 
BYTE's offices in early February, toting 
an Altair 8800 under his ann and an 
interesting peripheral which his firm has 
designed and is marketing. The peri- 
pheral is the AIM-1005 frequency meter, 
demonstraled to us mounted upon a 
Vector prototyping card for the Айа 
bus. (This was a demonstration setup; his 
firm will soon have a $30 card with all 
the connections to the Altair bus made 
for piggyback mounting of the fre- 
quency meter on a permanent basis.) 
What this $178 product does for its user 
is provide a programmable frequency 
meter with 13 bits of precision, and 11 
different time base ranges allowing 
measurement over lime periads from 10 
us to one hour. The input logic has 
scaling counters with an upper limit of 
25 MHz, so it is possible Lo make a quite 
useful general laboratory frequency 
meter with outputs on a computer ter- 
minal by simply driving this peripheral 
with a simple assembly language or 
BASIC program, The device is interfaced 
through memory address space, decoding 
the high order four bits of the 8080's 16 
bit address bus.a 


“ircle 606 on inquiry card. 


A Synthesizer Example .... 


Al Cybernetic Systems, POB 469], 
University Park NM 88003, has sent 
along some new information on their 
Model 1000 Speech Synthesizer, which 
was first described іл Wirt Atmar's 
article in August 1976 BYTE, page 26. 
The picture here is the production 
version of this device, which is an analog 
model of the human voca! tract, digitally 
programmed with commands that corre- 
spond to American English phonemes, 
Since the device works with coded 
phonemes, the maximum informalion 
transfer rate for speech which is required 
is about SObps. The device plugs 
directly into the Altair bus and cost is 
$325, with delivery from stack. 

A significant and interesting bit af 
literature which came with this picture 
was "Programming Example 1," an 


26 


A New Brochure 


EDUCATION AND DEVELOPMENT 
MICROCOMPUTER 


E & L Instruments, 6) First. St, 
Derby CT 06418, has just released a new 
8 page brochure describing the MMD-1 
education and development micro- 
computer and its optional accessories. 
Copies of the MMD-1 brochure are avall- 
able from the company, as well as its 
representatives and authorized dealers.a 


Circle 607 on inquiry card, 


Altair BASIC program with an 8080 
machine language subroutine for details 
at a low level, The program is an 
implementation of the well-known 
Lunar Lander game, but with the novel 
twist that the “ship's computer” tells you 
your present height fram the surface of 
the planet as you land, 11 will run on any 
Altair 8800 equipped with 12K of 
memory. 50, what you do is plug in the 
Model 1000, read in BASIC, type in this 
program and set up its machine language 
support routine, then proceed to use a 
new mode of interaction with the com- 
puter system, m 


Circle 608 on inguiry tard. 


The SOROC 10120 


CURSOR CONTROL. Forespace, back- 
space, up, down, new line, return, home, 
tab, PLUS ABSOLUTE CURSOR AD- 
DRESSING 


TRANSMISSION MODES. Conversation 
(half and full Duplex) PLUS BLOCK 
MODE – transmit a page at a time. 


FIELD PROTECTION. Any part of the 
display can be “protected” to prevent 
overtyping. Protected fields are displayed 
al reduced intensity. 


EDITING. Clear screen, typeover, abso- 
lute cursor addressing, erase to end of 
page, erase ta end of line, erase to end 
of field. 


DISPLAY FORMAT. 24 lines by 80 char- 
acters (1,920 characters). 


CHARACTER SET. 96 characters total. 
Upper and lower case ASCII. 


KEYBOARD. 73 keys including numeric 
key pad. 


REPEAT KEY. 15 cps repeat action. 


DATA RATES. Thumbwheel selectable 
from 75 to 19,200 baud. 


SCREEN. 12 inch rectangular CRT — P4 
phosphor. 


SPECIAL INTRODUCTORY PRICING 


Kit $ 995.00 Assembled $ 1,295.00 


[Price includes block mode, lower case and 24 
line options.) 


Specials of the Month 


North Star Micro Disk 

with power supply and cabinet Kit — $699 
Assembled — $799 

IMSAI 1-8080 with TDL ZPU Kit — $825 
Assembled — $975 · 

Digital Systems FDS Disk Drive with 

CP/M Software (assembled only) . Single — $1,750 

Dual — $2,350 
Mountain Hardware PROROM Kit — $145 


NOW WERE 
TOLL FREE 
800-227-4440 


(in California, Hawaii, and Alaska, call collect: 
415/566-7472) 


Assembled — $210 


Vector Graphic 8K RAM Kit — $235 
Assembled — $285 


m [zw] =) 
XIMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR il ii Е ii 
THE PERSONAL COMPUTER ENTHUSIAST AND THE 


SMALL SYSTEM DESIGNER. LET US QUOTE ON ALL 1290 24th Avenue, San Francisco, CA 94122 
YOUR HARDWARE AND SOFTWARE NEEDS. (415) 566-7472 d à 


Circle 220 on inquiry card. 
OUR RETAIL STORE — THE COMPUTERIST'^ — IS NOW MER TET UE ERN 


OPEN IN SAN FRANCISCO, CALL US FOR DIRECTIONS. COD orders freight collect, Orders with payment shipped prepaid. California 
Ў : residents add 6% sales tax. Please allow 3 weeks for delivery 
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The Digital Group adds character(. 


Eu 
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The Digital Group's computer 
systems have a lot of character 
aiready. Just one quick look at 
any of our products in their 
unique custom cabinets con- 
firms that. But we believe it 
never hurts to add a bit more. 


So, the Digital Group has added 
character in a big way to give an 
added dimension to the opera- 
tion of our video-based com- 
puter systems. We are pleased 
to announce our new TV readout with a 64-character line. 
It will give your system a greal deal more capability. Give 
it more character, if you will. 


Here are the specifics on the Digital Group TV Readout 
and Audio Cassette Interface: 


1024 Character TV Readout 
* 64 characters horizontal by 16 lines 
* 7x9 character matrix (effectively 7x12 due to char- 
acter shifting) 
* 1K on-board RAM for buffer storage— requires 
no main memory— completely independent 
128 character ASCII 
Upper case alpha 
xe case alpha with base line extenders (g, 
Р.У 
Numbers and extended math symbols 
Greek alphabet 
Software driven cursor—forward and backward 
Compatible with most microprocessors; Interfaces 
with 1 8-bit parallel output port 
* Timebase may be driven with an external timebase 
(may be synchronized to TV camera, TV set, etc.) 
* Readout timebase available at connector (can be 
used for graphic driver, etc.) 
White characters on black, and/or black on white; 
software selectable 
* Plugs into standard dual 22-pín TVC connector on 
Digital Group Systems 


Improved Audio Cassette Interface: 
* Reliable FSK recording technique 
* Uses standard unmodified audio cassette recorder 
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* Write cassette system 
uses a digitally synthe- 
sized frequency shift 
system, derived from TV 
system's master crystal 
oscillator 


* Read cassette system 
easily aligned using the 
write system as an align- 
ment aid. 


* Runs at 1100 baud 
(100 characters/second)— loads 
16K in 3 minutes 


512 TVC to 1024 TVC Upgrade Kit: 

As always, when the Digital Group extends the capabilities 
of our systems, it doesn't mean obsolescence for any 
products. We are offering an upgrade kit for present Digital 
Group system owners who wish to go to the longer line 
length. This kit uses most of the IC’s from our TVC-F read- 
out. No unsoldering is required; all new sockets, capac- 
itors, resistors, PC board and other necessary parts are 
supplied. 


Prices: 
TVC-64— Full 64-character TV Readout & Audio Cassette 
interface: 
Kit — $140 Assembled — $205 
TVC-64UPG— Upgrade kit from TVC-F: 
Kit — $65 


if you already own a Digital Group system, our 64-charac- 
ter line will definitely enhance its operation. If you're just 
looking, you might want to keep in mind that the Digital 
Group has a lot of characters. 


Write or call now for details on our new 64-character TV 
readout and all our other exciting products. 


box 6528 denver, colorado 80206 (303) 777-7133 


Circle 78 on inquiry card. 


Peripheral Vision 
impacts 


your computer. 


WITH A 
FULL-SIZE 
LOW-COST 
IMPACT 
PRINTER. 


Until now, the hobbyist and small businessman have had one major problem in assembling 
a reasonably price microprocessor system with the capabilities found in the more costly 
computers, It was impossible to find a high-quality, high-output printer for hard copy needs at 
an affordable price. 

Peripherai Vision has come up with a solution. 

We are offering a full-size impact printer designed for microprocessors—and it comes 
with a mini price. Kit prices start as low as $495 for the printer and interface card. And that won't 
impact your pocketbook. 

Peripheral Vision’s printer is loaded with capabilities. Take a look: 

* It's fast —120 characters per second 

* 96 characters per line, 12 characters per inch horizontal, 6 lines per inch 
Makes up to 4 copies simultaneously 
* Character set and pitch variable under software control 
* 5x 7 character matrix 
* Ribbon has built-in re-inkers for a life of 10,000,000 characters 
* Paper can be either a standard 8¥2-inch roll, fanfold or cut page 
Interfaces to B-bit parallel ports 

Just remember, Peripheral Vision is committed to helping you get along with your computer. 
The new printer we are offering is another example. It is high quality, low in cost and will 
definitely impact your system 

Write or call now to find out how to impact your computer. 


JE IBHERZ 
Ц АВА 


РО Вох 6267 Denver, Colorado 80206 (303) 777-4292 


Circle 194 on inquiry сага. 


Newt: 


A Mobile, 
Cognitive 
Robot A 


Ralph Hollis 


MAIN 
IMAGE 
SENSOR 


POWER 
CONVERSION 


% 


[| 
Р 


, 


PROXIMIT Y 
OETECTORS 


AUXILIARY 
IMAGE 
SENSOR 


MOTIVE SYSTEM 
GEAR BOX 


SENSORY 
TURRET 


COMPUTER 


BATTERY 
ENCLOSURE 


WALL 
FOLLOWER 
(RETRACTED) 


DRIVE 
MODULE 


FEELER 
(EXTENDED) 


Figure 1: The robot Newt as it will appear when completed, There are three main subsystems 
shown in this diagram which was supplied by the author: motive, manipulator and sensory 
turret. The entire machine is controlled by an on board microcomputer. The motive power 
subsystem is built around two precision drive wheels actuated by stepper motors, The 
manipulator, a simple hand capable of grasping, lifting and rotating, is also actuated by stepper 
motors and includes various sensors. The sensory turret at the top is a platform which includes 
a main image sensor, which can be tilted to look straight down or up at a slight angle using a 
stepping motor; other sensors are shown in outline form, and are a subject for future experi- 


mentation. 


Dept of Physics and Astrophysics 
University of Colorado 
Boulder CO 80309 


In the late 1930s, a young man named 
Rossum began manufacturing industrial 
robots in a small factory on the outskirts of 
Prague. This venture was immediately suc- 
cessful and would have virtually guarantccd 
a second industrial revolution had il not 
been for a singular tragic circumstance: The 
robot workers became irrational and re- 
volled. They turned on their masters and 
burned the factory to the ground. 

Fortunately, the preceding scenario is 
only a work of fiction by the Czecho- 
slovakian writer K Capek. Since Capek’s 
coinage of the word “robot” in his 1923 
play R U Rit has been the subject of a greal 
many works of science fiction, including 
Isaac Asimov's /, Robot and the movies 
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"Forbidden Planet," “Gog,” "Silent Run- 
ning," "Westworld" and others. 

Alas, the imaginative stories of the 
science fiction writers have far outstripped 
the efforts of the robot engineers. Progress 
in building real robot devices has been 
painfully slow over the past several decades, 
although a few individuals and small groups 
havc produced some very interesting results. 

IL 15 not my purpose here to review these 
works, but tather to describe a project with 
which | have been personally involved for 
some time: the construction of a freely 
moving robot vehicle which will be capable 
of interacting with its environment in a 
rational way, and managing its own survival. 
Ihe work is being done by a small group of 
people in the Duane Physical Laboratory of 
the University of Colorado. The praject is 
being financed through personal funds, and 
in this sense qualifies as an "amateur" 
undertaking. 


What are the requirements for such a 
robot? |t must be able to explore the 
environment in some orderly manner, mea- 
sure the attributes of objects and obstacles 
encountered, classify them according to 
some scheme, and incorporate them in its 
evolving internal world model. The world 
model must have a logical structure which 
allows modifications to be easily made; it 
must be compact with respect to memory 
space, and it must use a design which can be 
consulted in some reasonable way. Тһе 
roLot must be able to manipulate the world 
model (cognition), derive informed decisions 
from it, and carry out these decisions in 
physical action to achieve broadly defined 
goals, 

Figure 1 is a general view of the robot as 
it will appear when completed. Practically 
speaking, it resembles less a mechanical man 
than, say, a shop type vacuum cleaner. The 
machine is cytindrical, about 36 cm (14 
inches) in diameter and 76 cm (30 inches) in 
height, weighing approximately 27 kg (60 
pounds). All rigid mechanisms lie within the 
cylindrical boundary or can be retracted 
within the boundary if necessary. This de- 
sign greatly reduces the number and diver- 
sity of senses required. The robot will be 
fitted with a smooth cylindrical skin (not 
shown), removable in sections for easy in- 
spection and maintenance. Modular con- 
struction is used in the robot wherever pos- 
sible. There are three main subsystems: 
motive, manipulator and sensory turret. 
These are presided over by an 8080 based 
microcomputer with 8 K bytes of EROM 
and 24K bytes of programmable memory. 
The entire system is powered by a 6 V, 84 
amp-hour storage battery. 


How the Robot Gets Around 


The robot is given locomotion by two 
main diametrically opposed drive wheels. A 
third (unpowered) castoring wheel is located 
at the rear. This motive geometry has been 
successfully employed in several other robot 
vehicles constructed by other groups, and 
has been in use in the author's robot 
research since 1957. The vehicle's center of 
gravity is located well aft due to the place- 
ment of the battery and other heavy com- 
ponents, obviating the need for a front 
wheel. The wheels are constructed of 
aluminum with neopreme O-ring tires. The 
main wheels are driven by stepping motors 
through precision 3:1 gearing. A single com- 
mand step rotates a wheel 0.6 degrees, so 
there is a total of 600 steps per revolution. If 
both wheels are moved in the same direc- 
tion, the vehicle travels forwards or back- 


wards in a straight line. [f the wheels are 
moved in opposite directions, the vehicle 
executes a perfect rotation about its vertical 
axis. By stepping the wheels at different 
rates, a circular trajectory is approximated 
having a radius which can range from zero 
to jnfinity. The hardware and software 
necessary to drive the stepping motors are 
discussed in some detail later in this article, 
since they have very general application. 

The robot navigates principally by open 
loop dead reckoning. That is, it depends 
largely on the precise control of the wheels 
during acceleration, deceleration, and con- 
Stant speed motion to achieve accurate 
positioning of the vehicle. The robot's posi- 
tion and azimuth relative to a fixed origin 
are computed at the end of each motion 
segment by counting stepping motor in- 
crements and using trigonometry. The preci- 
sion attainable is limited principally by 
wheel slippage, unequal wheel diameters, 
nonplanar floors, round-off errors, and step 
quantization. In practice, all these errors аге 
small for short distance movements. 

The robot's excellent open loop per- 
formance makes it unnecessary 10 have 
continuous closed loop servo systems, such 
as have been extensively employed in other 
robots. For example, consider the problem 
of having a robot view a small object on the 
floor a short distance away, and then go pick 
up the object. One approach would be to 
have the robot continuously view the object 
as it moves towards it, adjusting its motion 


in a continuous way to converge on the ` 


object and pick it up. In this approach, a 
rather crude motive system would suffice, 
since errors are always nulled. A heavy load, 
however, is placed on the sensor-computer 
system. An alternative approach, the one 
followed here, is to have the robot view the 
object once, and then compute exactly how 
to move to the object and pick it up. When 
the computation is completed, the machine 
simply carries out the proper motions in a 
blind fashion. There is a greatly reduced 
strain on the sensor-computer system, at the 
expense of having to build rather precise 
motive machinery. Of course, this approach 
assumes the relevant environment will re- 
main fixed for the duratian of the task. 

In this general spirit, by using high 
precision open loop movements throughout 
the robot, only intermittent feedback 
through the senses is required to close the 
control loop. [n this way, the overall com- 
plexity of the robot can be kept at a 
reasonable level, allowing the required com- 
putations to fall within the abilities of an on 
board microcomputer. : 
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_Epistemological 
Engineering 

With artificial intelli 
gence, robotics and ap- 
plied -cybernetics coming 
of age throi ugh the recent 
progress in. us fabrication 
| Ar computer systems, it is 
uite likely that the 

anch of philosophy call- 
| ‘ed epistemology will have 
a much mare explicit role 
In technology during the 
coming. years. Epistemol- 
гй, ds the study. of nature 

| of knowledge; 

plodding of eplste- 
mology is crucial M yd 
attempt to realistica[l 
plement. artificial | dui 
“gence systems. So ina fu- 
iure world of cognitive 
| automata and advanced in- 
formation systems, we 
may indeed find the new 
барри who is the “epis- 
 temologicai al engineer. & 


Scanning the Enviranment 
with Electronic Senses 


The sensory turret (see figure 1) provides 
a general platform on which to mount 
various senses, same of which might be quite 
experimental and Lemporary in nature, It 
can pan a full 360 degrees, and a small 
section containing the main image sensor can 
tiit from approximately 30 degrees above 
horizontal to 90 degrees below horizontal. 
Both of these motions are controlled by 
stepping motors. The main image sensor has 
a motorized focus control. The geometry of 
the “hand-eye'’ system allows orthogonal 
views of objects held in the manipulator jaws 
by using both image sensors under condi- 
tions of controlled focus and lighting. 

Each image sensor is à 32 by 32 element 
integrated array of photodiodes on a silicon 
chip measuring approximately 4 mm (0.1 
inch) square. The array acts like a 1024 bit 
memory. Each elernent is precharged to a 
fixed voltage; then at some later time the 
voltage of each element is read out, de- 
creased in proportion to the amount of light 
which has fallen on iL. Several milliseconds 
are required to digitize the image. Up to 16 
levels of gray can be discerned, which means 
that 512 bytes of compuler memory are 
sufficient for a single image, Once the image 
is obtained, it is analyzed by appropriate 
software, The extremely small size of these 
solid state image sensors, and the simplicity 
of their associated etectronics, make them 
ideal for rabot use. Higher resolution devices 
such as charge coupled sensors and miniature 
television cameras are available, bul their 
cost and complexity make them unattractive 
for such applications, Besides, the amount of 
data generated would be too unwieldy 10 
handle with a microcompuler. 

In addition to the main image sensor, 
several simple phototransistor light sensors 
are mounted on the Lilling platform of the 
sensory turret, These enable the robol to 
locate and track point sources of light. 

Several other proposed senses are 10 be 
mounted on the turret. These are shown in 
schematic Form in figure 1. To the left af the 
image sensor is shown an ultrasonic ranging 
transmitter and receiver which should be ex- 
tremely useful for finding the range to walls 
at distances as great as 10 meters (33 feet). 
The idea is to transmit short bursts of 40 
kHz sound and measure the time required 
for an echo ta be received їп order to com- 
pute the distance. Much of the necessary cir- 
cuitry is available in compact integrated 
form. 

Just to the right of the image sensor is 
shown a long wavelength infrared radiation 
detector with which it might be possible Lo 
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locate sources of heat such as dogs, cats and 
humans. 

Located on an axis perpendicular to the 
main image sensor are shown two micra- 
phones which farm part of a sound location 
system, The intent is for each sensor to 
acquire a short sample of sound. The com- 
puter then attempts to find a phase relation- 
ship between them, thereby locating the 
direction of the source. 

Many other possible senses can be 
imagined; the sensory turret is intended to 
provide a versatile platform and interface for 
experimenting with them. For example, 
using a helium neon laser, or perhaps a 
compact metal vapor laser, it may be pos- 
sible to provide an optical range finding 
system wilh high resolution if a suitable 
delector can be found. Eventually ii is 
hoped to provide limited forms of speech 
synthesis and phrase recognition (using off 
line electronics with an analog radio link). 
This would make it possible to give general 
spoken commands 10 the robot in con- 
textual surroundings, and have verbal feed- 
back to insure that ihe commands were 
being properly interpreted. 

Sharing some space with the sensory 
turret system, and directly below the plat- 
form in figure 1, is the necessary power 
conversion electronics, These modules con- 
vert the battery voltage to £12 V and +5 V 
(regulated) for use by the electronics, and 
also house the battery recharging circuitry, 


Manipulating Objects in the 
Environment 


The number of tasks which à simple 
robot can do is greatly increased if it has 
some sort of hand with which to grasp and 
manipulate objects in the environment, The 
human arm and hand system, with its 27 
degrees of freedom, is a marvelously versatile 
mechanism. Large industrial manipulators 
are fairly complicated and have six or seven 
degrees of freedom. For practical reasons, 
the presenl system is limited to a mere three 
degrees of freedom which, when combined 
with the two degrees of freedom of the 
motive system, should be sufficient for 
carrying out simple tasks, 

The manipulator is able to grasp objects, 
move up and down along the front of the 
robot by means of a rack and pinion drive, 
and to rotate about a horizontal axis. All 
three motions are controlled by stepping 
motors, The manipulator has a parallelogram 
geomeiry which permits the jaw faces to 
remain parallel regardless of their separation. 
This feature simplifies the problem of pick- 
ing up objects of varying sizes. When not in 
use, the jaws open wide enough to bring all 


paris of the manipulator within the cylin- 
drical boundary of the rebot, where it is out 
of the way and does not cause problems 
when the robot turns and maneuvers in tight 
places. 

An auxiliary 32 by 32 element image 
sensor with fixed focus lens is mounted 
directly in the manipulator assembly, pro- 
viding a view of whatever object is between 
ihe jaws. 

In addition to mechanical force sensors in 
the jaw faces, there are several infrared LEDs 
in one face with opposing phototransistors 
in the other face. These LED phototransistor 
pairs define beams of light between the twa 
jaw faces. By scanning the manipulator up 
and down, and moving the entire vehicle 
forwards and backwards, these beams enable 
the robot to measure the height and depth 
of simple objects resting on ihe floor be- 
tween the jaw faces, as well as Lo determine 
when objects are correctly positioned for 
picking up. The widths of objects are mea- 
sured directly by counting the number of 
stepping motor pulses required to close the 
jaws on the object. 

A tactile sensor is mounted an the front 
of each jaw to enable the robot to sense and 
locale large obstacles such as walls, The 
robot can align itself accurately either 
parallel or perpendicular to the wall, after 
performing a simple series of maneuvers. 
This action is convenient for many of the 
tasks the robot might have to carry out. For 
example, a simple strategy of maneuvers 
allows ihe robot to "square itself off” from 
a comer in a room, thereby defining a 
precise origin for ils navigational 
coordinates. 

The tactile sensors double as electrical 
contacts used for plugging into ordinary wall 
outlets for the purpose of recharging the 
robot's baltery (more about this later). 

AM electrical pawer and signals to and 
from the manipulator assembly are sent 
through folding ribbon cables which are not 
shown in figure 1. 


Auxiliary Senses 


In addition to the senses mounted on the 
manipulator and sensory turret assemblies, 
there are several auxiliary senses illustrated 
in Figure i. A pair of retractable feelers are 
provided in the rear of the vehicle and serve 
much the same purpose as the tactile sensors 
on the manipulator jaws. These rear feelers 
enable the robot to detect and square up 
From walls and corners if the manipulatar is 
accunied with holding same object. 

In addition to the rear feelers, a pair of 
retractable wall-Follower feelers located on 
the sides of the vehicle enable the robot te 


travel parallel ta a wall by measuring the 
distance from itself 10 the wall, The rear 
feelers and the wall!-follawer feelers are both 
activated by double coil latching solenoids 
and contain "microswitches" consisting of 
movable masks and infrared LED-photo- 
transistor pairs. 

For all of the robot's varied and spe- 
cialized senses we have discussed so far, 
there is nothing to prevent the robot from 
accidentally running al high speed into a wall. 
To prevent just such a mishap, and to 
provide a “sofi” broad area "sense of 
touch," the robot is equipped with a number 
of proximity detectors, several of which are 
shown in schematic form in figure 1, These 
detectors work on a simple, but elegant, 
principle. Infrared LEDs, amplitude modu- 
lated by a 20 kHz signal, send broad beams 
of light out from the robot. If a wall is 
nedrby, some of this light is reflected back 
into phototransistor sensurs located in the 
same module. The received signal is amplified 
and sent to a phase sensitive detector locked 
to the outgoing signal. The computer is 
notified if the signal exceeds some program- 
mable threshold. These proximity detectors 
are quite insensitive to ambient light condi- 
lions, noi very sensitive to the color ar 
texture of the reflecting surface, and have 
useful ranges extending from several centi- 
melers to perhaps one meter. With these 
detectors, the robot is free lo travel at fairly 
high speed until a wall or other obstacle is 
encountered, and can then slow down ап] 
investigate il with caution, 

It should be mentioned that all of the 
senses interacl with the processor through a 
vectored priority interrupt system. 


Robot Psychology 


Up ta the present lime, the environment 
of the robot has been intentionally re- 
stricted, The robot is permitted to. roam 
freely within a large “playpen” constructed 
of plywood, As various sensory functions are 
added, and the robot nears completion, 
simple objects such as blocks of wood, and 
larger obstacles constructed from plywood 
will be introduced, and restrictions on ihe 
environment will be gradually relaxed. While 
this 15 happening, the complexity of the 
software will greatly increase. 11 is ex- 
pected to take several more years of effort 
befare the robot reaches a form which can 
be considered "finished." Whether the robot 
wil! ever be able to cope successfully with a 
"general" environment, such as a typical 
research laboratory or home living room, is 
certainly an open queslion. 

The software will be developed as a 
hierarchy of modules. The bottom strata of 
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Photo 1: The feeding 
trough, This is a photo- 
graph of an ordinary wall 
outlet with a white con- 
crete block wall as a back- 
ground. The robot must be 
able to seek out and plug 
into outlets such as this in 
order to periodically 
replenish its energy 
supply. 


this hierarchy will be occupied by hardware 
oriented routines for motor control, inter- 
rupt servicing, sensory data acquisition and 
the like. These routines will be relegated to 
EROM, where they will reside as powerful 
appendages for the higher level software. In 
the highest reaches of the hierarchy will be 
the planning algorithms: heuristic program- 
ming which will take into account goals, 
subgoals, behavior, the structure of pri- 
orities, and what may generally be called the 
"psychology" of the robot. 

If the robot is turned loose in a strange 
room, its immediate behavior will be to 
begin exploring the room in some systematic 
way, locating walls and the boundaries of 
objects with respect to a specific origin. As 
new features of the environment are en- 
countered, they will be incorporated into 
the world model. Particular interest will be 
shown in the positions and heights of rec- 
ognizable wall outlets, since these are crit- 
ical for survival. As the model af the room 
nears completion, the original intense curios- 
ity will subside, and will be replaced by an 
attitude of playfulness. The world model 
will be consulted to find out which objects 
(eg: wooden blocks) are small enough to be 
manipulated. The robot may choose to 
group together objects with similar charac- 
teristics, build simple structures by stacking 
blocks and so forth. When the energy supply 
nears exhaustion, the robot will interrupt its 
play, head directly for a convenient wall 
outlet, plug in, and recharge its battery. The 
recharging process might take several hours, 
during which all motors will be turned off, 
and all but one 4 K byte memory module 
will be powered down. After recharging, the 
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robot will unplug itself and continue on its 
way. When the robot eventually "tires" of 
its environment, it will perhaps leave the 
room, wander down the hallway, and look 
for other rooms to explore. An interesting 
experiment would be to observe how long it 
takes for the machine to recognize a room in 
which it is arbitrarily placed, but has previ- 
ously explored. In addition to observing 
general behavior, one can give the robot 
general tasks to perform, such as picking up 
all small objects in a cluttered room and 
placing them in a box in the corner. 
(Mothers with small children, take note!) 

Many of the computing requirements for 
the robot will exceed the capabilities of its 
on board microcomputer, For example, the 
analysis of complicated scenes viewed by the 
image sensors can, at present, be done only 
by a very fast computer with lots of memo- 
ry. For this reason it is planned to equip the 
robot with a duplex radio Lelemetry link to a 
"black Бох” which connects with a tele- 
phone. The robot will then be able to 
initiate telephone calls to a large timeshared 
computer, and be able to communicate with 
it via the 2400 bps telephone lines. Control 
routines in the on board microcomputer will 
invoke large analysis programs stored on 
permanent disk files attached to the time- 
shared computer. 

A visual scene can be transmitted in less 
than a second, and the large computer can 
extract features of interest and send them 
back to the robot in several seconds. It will 
also be useful to take advantage of the off 
line disk files to store large data bases such 
as portions of the world model. When the 
robot has finished its transactions with the 


large computer, it simply “hangs up the 
phone” and goes about its business, perhaps 
reinitiating the hookup at a later time. It is 
important to point out here that in no sense 
is the large computer “in control" of the 
robot. The robot is simply using the services 
of the large computer to perform calcula- 
tions that are too involved or too lengthy to 
do itself, much as you or | would use a 
computer to solve some problem. Also, it 
should be noted that if the large timeshared 
computer is busy, or if the computations are 
long, the robot is free to continue with other 
tasks until the requested analysis can be 
performed. 

This usage of an off line timeshared 
computer will permit access to a large 
amount of general robot planning software 
written in high level languages by other 
groups. The telemetry hookup will, as a side 
benefit, enable the robot to make calls to 
human researchers (hopefully not in the 
middle of the night) to report malfunctions 
or unusual conditions in the environment by 
means of coded audio signals. (The robot 
night watchman?) 


Finding Energy Sources 


it may be necessary for the robot to 
survive for weeks al a time without super- 
vision or interruption of its operation. To do 
so, it must manage its own energy supply, 
The battery voltage and current are sensed 
periodically and converted to digital form by 
a simple software driven analog to digital 
conversion system. This information, along 
with the battery’s internal temperature 
(sensed with a thermistor probe), allows the 
state of charge to be determined. When this 
reaches some minimum level, the robot is 
obliged to renew its supply of energy by 
finding a wall outlet and plugging in. 

From the outset, it must be said that the 
robot will depend heavily on prepro- 
grammed strategies Lo accomplish this task. 
A standard wall outlet mounted on a white 
concerete block wall is shown in photo 1. 
The cover plate is of brushed stainless steel, 
and the receptacles are made of light colored 
molded plastic. From a distance of perhaps 
10 meters (33 feet), with the turret image 
sensor focused on infinity, the'outlet ap- 
pears as a small spot. Any such spot, 
identifiable by the software as a few dark 
picture elements surrounded by a light field, 
is worth further investigation. If several 
spots are visible, a single one will be selected 
for closer examination. 

Using the motive system and the sensaiy 
turret in combination, the direction and 
distance to the spot is then computed by 
triangulation. After this is done, the robot 


Photo 2: Here is an oscilloscope display of the wall outlet shown in photo 7, 
as viewed by an image sensor. Theie ше a total of 1024 picture elements in 
this sensor, each with 16 levels of gray perceptible to the computer. The 
picture has 32 columns and 32 rows of elements. The outlet appears as a dark 
rectangle with a light background, The two receptacles can just be resolved at 
this range. 
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Photo 3: As the robot moves closer to the wall outlet, more detailed features 
of the socket become apparent. This is an oscilloscope display of an 
individual receptacle, as viewed at close range by the image sensor. By 
applying pattern recognition techniques to images such as this and the image 
in photo 2, the robot can recognize outlets and determine the exact position 
and height of the electrical contacts, prior to its final maneuver to plug itself 
into the wall. 
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Figure 2: Output decoding logic used to create discrete (level) outputs and pulse outputs, This circuitry connects to an 8080 
daia bus through memory address space. The outputs are used to drive the various lines of stepper motor interfaces such as those 
shown in figure 3, Each stepper motor individually uses one discrete level output (for forward or reverse direction control) and 
one pulse output (to initiate one step sequence), Two discrete level outputs are also used to control the running versus standby, 


or off, status of the motors. 


drives to the approximate position of the 
spol, and with LED proximity sensors and 
the tactile sensors on the manipulator, it 
aitempts ta sense and recognize the exist- 
ence of a wall, which is hopefully associated 
with the spot. If this is the case, the robot 
moves out perpendicular to the wall fer a 
fixed distance, sets the image sensor fucus 
accordingly, and rescans for the spot which 
hopefully should now begin to have the 
shape of a wall outlet from this short range. 
By a series of small maneuvers, the robot 
positions itself exactly in front of the outlet 
at a precise distance away. At this time, the 
manipulator begins a vertical motion until 
the outlet is centered in Ihe field of view of 
the auxiliary image sensor. The computer now 
has a straight on, in focus view such as that 
seen in photo 2. 

At this point, fairly simple pattern rec- 
ognizing algorithms are used to analyze the 
shape, size and topology of the image 
(feature extraction). These features are com- 
pared with known properties of wall outlets. 
features match within 
error bounds, the recognition is successful. 
(In this respect, it is much easier to attempt 
lo recognize a specific object than to try to 
analyze a general scene.) If the recognition is 
not successful, several more attempls are 
made at slightly different distances to over- 


If enough 


come the granularity effects of the sensor. If 
a recognition is still not successful, the robot 
heads off Lo explore other spots. Assuming 
success al ihis point, the robot moves in for 
a high resolution image of a single receptacle 
(see photo 3). Again, the image is analyzed, 
and further recognition tests are made. If 
everything is okay, the exact height and 
distance to the electrical contacls are deter- 
mined, and the manipulator jaws close to the 
separation appropriate to the space between 
the two contacls, Án atlempt is now made 
to plug in, with the computer monitoring 
the voltage between the two plug prongs on 
the manipulatar. Small searching motions are 
made until contact is established, whereupon 
the jaws open slightly to make good electri- 
cal connections, The computer then directs 
the recharging operation until the correct 
charge is reached. It is expected that the 
robot will normally be able to go about six 
hours between recharging operations. 


Stepping Motor Drives 


In order to execute all of the motions 
required of it, the robot must have precise 
control of the motors, This is accomplished 
by means of the stepping motor drive 
modules which constitute the interface be- 
tween the on board computer and the 
stepping motors, There is a total of seven 


identical drives: two for the motive system 
(one for each wheel), three far the manipula- 
tor (grasp, iift and rotate), and two lor the 
sensory turret (pan and till), 

Figure 2 illustrates the logic used te 
provide both pulse and discrete (level) out- 
puls from the computer, For simplicity, 
only eight pulse outputs and cight discrete 
outputs are shown. The scheme can be 
expanded to many more outputs, with the 
addition of suitable logic, Low power TTL 
provides the cannection to the address, data 
and control buses of the microprocessor. 
Lines Ag te Аз select one of 16 possible 
outpuls, with Ат] acting as an inpul outpul 
select line. The sign bit, D7, is used 10 signify 
whether a one or a zera will be written into 
the selected disciele output dine. Generation 
of the negalive going output pulses and 
strubing of Ihe data are done by the MEMW 
pulse, A 9334 addressable latch and 
7ALS138 binary to octal decoder provide 
the outpuls ta the system. If desired, one 
pulse outpul can be wired to the CLR line of 
the 9334 latch for simultaneous resetting of 
all the discrete outputs. 

Figure 3 shows an individual stepping 
mator drive circuit which is sufficiently sim- 
ple and genera! to. permit many other non- 
robot applications where precise computer 
controlled mation is required. The circuit 
generates the 4 phase pulse sequence of high 
currents necessary to operate а Slo-Syn ГМ 
bifilar type stepping motor manufactured by 
the Superior Electric Company. inputs to 
the stepping molor circuit are connected as 
desired to the discrete and pulse nutputs 
shown in figure 2. The forward or reverse 
input (FR) determines whether the molor 
shaft turns clockwise (FR = 1) or counter- 
clockwise (FR 2 0) as viewed from the shaft 
end of the motor. The forward limit input 
(FL) prevents the motor from moving for- 
wards (clockwise) if FL = 0. The reverse 
limit input. (RL) prevents the motor [rom 
moving backwards if RL = 0. These inputs 
are generally not controlled by the com- 
puter, but are wired to simple limit switches 
Lo prevent excessive motion of the motor in 
a particular direction. In the case of the 
robot, these “reflex inputs" are independent 
to allow the computer to change the direc- 
tion of mation after a mechanical limit has 
been reached, and to establish "zero point" 
seltings for the various possible motions. 
The pulse input (P) triggers on a negative 
going transition and causes the motor Lo ad- 
vante onc step (1.8 degrees) in the direction 
specified by the FR input. Thus, 200 pulses 
on the P input cause the motor shaft to 
rotaie exactly one revolulion. The maximum 
pulse rate (s of the order of several hundred 
pulses per second without error, but this 


depends strongly on Lhe motor size and the 
driven load. The clear input (CLR), when 
momentarily brought law, resets the count- 
ing Slip Mops to zero in case iL is necessary to 
establish a standard shaft position. when 
power is turned un. The off input (OFF), 
when brought low, removes all current from 
the motor windings, and frees the shaft 
except (or a small holding torque caused by 
the permanent magnets. If OFF = 0 and 
standby (SBY) is brought high (SBY = 1), 
the shaft position is maintained, but at 
greatly reduced current, The off and standby 
inputs are critical for application in the 
robot, since they permit substantial power 
savings. 1л figure 3, series 7400 logic can be 
substituted for the 74L and 741% series if 
desired, but at the expense of extra power. 
Resistance values in the drive circuis are 
typical, and might need to be optimized far 
a particular motor, The diodes in the emitter 
circuit. of the 2N3055s should have a high 
surge rating, and moderate heat sinking for 
2N3055« is advised. 

Connections ta а Slo-SyalM stepping 
motor are shown in figure 4. In the robot, all 
motors are powered directly fiom the main 
6 V battery MYV). Values for the resistance 
R сай vary Пот zero to several ohms and 
are selected to be compatible with the 
molor' maximum current rating and 
dynamic characteristics, 


Robot Control: Software Aspects 


The previous discussion dealt with several 
general and specific aspects. of. the robot 
system and baw it fs intended 1o operate, 
once completed. OF the three major subsys- 
tems, motive, manipulator and sensory tur- 
rel, only the motive subsystem is. fully 
operational at present. The others are in 
various stages of detailed. design and con- 
struction. Photo 4 reflects the current state 
af construction, which includes several Lem- 
porary Hems such as the hand wired com- 
puter backplane and stepping molar drive 
modules, the crude "hand" made from sheet 
metal, and the cables leading to conventional 
power supplies, The 16 kg (35 pound) bal- 
tery 15 on board 10 maintain balance, but not 
used, awaling completion of the power 
conversion electronics, The open area at the 
front of the robot will be taken up by the 
manipulator assembly when it is completed, 
The power conversion modules and the 
sensory lurret. will go in place above the 
computer. 

Software for the robot is created on the 
CDC-6400 computer using an 8080 cross 
assembler written in FORTRAN IV by 
Robert Mitchell. Object code for ihe 8080 is 
punched on 8 level paper tape by the 6400 
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Each stepper motor (there are seven presently incorporated into Newt’s design) requires a drive circuit as shown here. 


This circuit contains counting logic and high current drivers needed to create the 4 step sequence of signals required by a 


Figure 3 
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Slow-Syn M stepping motor, The inputs to this interface circuit include one level (FR) signal and one pulse signal (P) derived 
from an output port such as the one shown in figure 2. The forward and reverse limit inputs are used to override commands 
when a sensor detects that rotation of the motor has reached some mechanical limit of the motor's activity. The power control 
logic (summarized in the chart) is used to conserve battery power by allowing a "standby" mode for the motor when it is not 
being actively driven. This standby mode holds the motor shaft positon actively, but uses less current than the full torque state 


used to move the shaft from step to step. 


system, and fs subsequently read into the 
robots memory through an ASR33 Tele- 
type. A modest resident monitor program is 
stored in the first 666 bytes of EROM, 
which allows dumping and modifying of 
memory, punching and reading of paper 
tape, and branching to any memory loca- 
Hon. The monitor is essential, because the 
computer has no conventional “front panel” 
with switches and lights. 

The current robot control program oc- 
cuples about 1000 bytes of programmable 
memory, not including table areas of vari- 
able size. It provides a method for exercising 
direct control of the robot for testing 
purposes, The coding, written by Dennis 
Toms, is very general, modular and compact. 
In order to start and stop the stepping 
molors without error, it is necessary to 
provide a profile of acceleration and de- 
celeration. This is most conveniently done 
by using a time-delay table giving the appro- 
priate time intervals between stepping motor 
pulses. The table is precomputed to yield a 
uniform acceleration over some time period. 
lt is sufficient to have a single table for all 
motors. Each motor has associated with it А 
14 byte motor status word (MSW) whose 
format is given in figure 5, The motor 
number and motor flag each occupy one 
byte; the other entries are two bytes (ane 
word) each. The motor number byte is a 
fixed number which associates the MSW 
with a particular motor, The motor flag byte 
is a code which gives the current state of the 
motor (ой, an, standby, accelerating, de- 
celerating, emergency stop, etc). The speed 
pointer word is an index which points 10 the 
current entry in the time delay table, The 
top speed word specifies the index to the 
delay table entry, giving the shoriest per- 
missible delay between stepping motor 
pulses (maximum motor speed), The total 
steps word specifies the number of steps the 
motor is to execute. The acceleration, con- 
stant speed and deceleration counters speci- 
fy the number of steps to be taken in the 
acceleration, constant speed and decelera- 
tion phases of the molion, respectively. 
These counters are decremented appro- 
priately as the motion takes place, su that if 
necessary, al any time during the mation the 
state of the motor can be determined by 
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Figure 4: Wiring und color code for the Superior Electric Slow-Syn TM bifilar 
stepping motors, The resistance R should be set (see text) to reflect typical 
operating characteristics of the motor's use, The wiring is shawn by color 
designations, and is connected to the drive circuit of figure 3. The ground 
return to figure 3 can be via the robot's chassis or through an additional 


circuit in the cabling. 


interrupt handling routines. After all bytes 
of the appropriate MSW have been loaded 
with proper values, low level software takes 
over to carry out the mation. A pulse is 
issued to the selected motor causing it 10 
advance 1.8 degrees, After a delay specified 
by the first entry in the delay table, a second 
pulse is issued, and the speed pointer is 
incremented lo point 10 the second value in 
the delay table, and the acceleration counter 
is decremenled, This process continues until 
the acceleration counter reaches zero, When 
this occurs, Ihe acceleration phase is com- 
plete and the constant speed phase is en- 
tered. For this phase, the speed pointer is 


Figure 5: Format of the 
motor Status word. There 
is one motor status word 
allocated to each stepper 
motor; an interrupt driven 
process updates and times 
the aperations of (ре 
motors, The information 
includes motor identifica- 
tion, status flags and pa- 
rameters which specify the 
details of a cycle of opera- 
tion consisting of accelera- 
tion, constant running 
speed and deceleration, 
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Photo 4: The robot Newt 
as it appears in the current 
state of construction. The 
hand wired computer 
backplane and stepping 
motor drive modules and 
sheet metal “hand” and 
power cables to an ex- 
ternal source ше all 
temporary. 


held fixed, pointing to the time delay value 
corresponding to the top speed index, while 
the constant speed counter is decremented 
for each step. After the constant speed phase 
is completed, the speed pointer is decre- 
mented for each pulse, causing the motor to 
decelerate. The motor finally stops after a 
number of pulses have been issued equaling 
total steps. The motor is then placed in 
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standby condition and this fact is stored in 
the motor flag byte. If unforeseen condi- 
tions arise which make it inadvisable or 
impossible to complete the motion as 
planned, the interrupt software stores the 
appropriate emergency stop code in the 
motor flag and the motor is halted. In all but 
extreme emergency cases requiring instant 
stopping of a motor running at high speed, 


the software can recover the total number uf 
steps actually taken, saving it for naviga- 
tional purposes. 

To exercise direct contral of the robot, a 
simple interprelive command system was 
developed. The currently implemented com- 
mands are listed in table 1, Each command 
consists of {he 1 byte ASCII character F, B, 
L, R, W, V or Q, followed by a 2 byte 
argument. [n the case of the F, B, L and R 
commands, the argument is simply the num- 
ber of motor steps to be taken (less than or 
equal 10 215 — 1). For the W command, the 
argument is the waiting time in units of 
10ths of a second. For the V command, the 
argument specifies the new maximum speed 
of the robot in steps per second. For the Q 
command, the argument gives the 16 bit 
address of a sequence of commands stored in 
memory, Of course, many other commands, 
such as those appropriate for sensory Lurrel 
and manipulator motion, will be added to 
the list of table 1. A program of robot 
activily consists of a simple sequence of 
these 3 byte commands, one after the other, 
For example, the following 15 byte se- 
quence (arguments shown in hexadecimal 
notation): 


F ОАТО 
L 00GB 
B 0010 
W 0066 
B 0002 


would cause the robot ta move forward 
2576 steps (about 1.4 meters), turn left 11 
steps (a few degrees), back up for 16 steps, 
stop and wait for 10.2 seconds, and then 
back up two steps. АП accelerations and 
decelerations are taken care of automatically 
by the lower level software. 

Commands can be given to the robot in 
several different ways (command modes) 
which are specified in table 2. For the D 
mode, the robot simply executes the com- 
mands directly as they are entered on the 
Teletype. After each command is given, it is 
necessary to wait until it is carried out 
before entering another command. In the R 
mode nolhing is execuled, but each com- 
mand is recorded in sequence in the mem- 
ory. The N made is a combination of the D 
and R modes, It permils a sequence of 
commands (о be recorded as they are being 
executed, The P mode allows playback of 
any previously recorded sequence. |n this 
mode, the Teletype cable can be discon- 
nected to allow the robot to raam freely. [f 
the C mode is specified, the robot creeps 
along at a very slow pace under an F, B, L or 
R command for an indefinite number of 
steps. The motion is lerminated by de- 


Table 1]: Currently. im- 
plemented commands. The 
demonstrations of opera- 
tion seen in photo 5 were 
created | using an inier- 
pretive sequence including 


these seven basit COM- ASCII Command Code 


mands, The command list 
is open ended in that 
many additions to the pos- 
sible operations are ех- 
pected as the software is 
developed further, 


о<= 2020г № т 


pressing any key on the Teletype, after 
which the number of steps taken is printed 
out. The T mode is a combination of the C 
and R modes. The E, L and O modes are 
“bookkeeping” in nature, and permit 
erasing, listing, and setting the origin of a 
command sequence, respectively. During the 
creation of a program of action for the robot 
(command sequence), any combination of 
modes can be used as desired, It is easy tà 
think of many other useful modes which 
could be added to the list of table 2. 

Using the commands listed in table 1, it 
has been possible to do a number of pre- 
liminary experiments with the robot which 
serve to test both the hardware and soft- 
ware, and to prove some of the fundamental 
ideas. For example, one can place wooden 
alphabet blocks on the floor at random, and 
then program the robot (using the N and T 
modes) to “pick them up" by trapping them 
in its temporary "hand." After putting the 
blocks and the robot back in their initial 
positions, the playback (P) mode can be 
used to repeal the motions automatically. 
One such tesi, rather in the form of a 
demonstration, is shown in photos 5a to 
5g. In the first frame, photo 5a, the robot 
is moving tawards the nearest block from its 


Command Definition 


Move robot forward 

Move robot backward 
Rotate robot left 

Rotate robot right 

Make robot wait 

Set rabot maximum speed 
Execute command sequence 


Table 2: Command modes for the robot. The software presently implemented 
is used to try out various exercises of the robot's machinery. The software is 
structured into several command modes described by this list. 


Command Mada 


D 

R 

N 

Р 

c 

T 

E Erase 

L List 

о Set origin 
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Type of Operation 
Direct (simply execute the cammands} 
Remember {record commands} 
Normal (combine D and R} 
Playback (run through a command sequence) 
Creep {directly execute motions at aturtle's pace} 
Teach {combine © and R} 


Photo 5: A program of action executed by the robot. In this sequence, prearranged blocks are pushed to appropriate locations 
to spell out N E W T, which is the robot's name. 


(a) The robot's actions start with its movement from an initial position in the left corner of the playpen toward its first block. 


(b) As it closes in on the block, it maneuvers into position to entrap the block. Note that in this prearranged course, the robot 
is executing a fixed sequence of interpretive commands, and is not yet using visual inputs to find blocks at arbitrary positions. 


(c) After trapping the block and moving to the final position, Newt releases the bloch at its final position. 


(d) Here, a second block has been fetched and released next to the first block, and Newt is turning around in order to head for 
the third block. 


(e) Now Newt is ready to pick up the third block in the sequence. 
(f) After placing the third block and going to the fourth, Newt has picked up this last block. 
(9) Finally, the fourth block has been placed, completing the spelling of Newt's name, which is the end of the programmed 


sequence of approximately 100 interpretive motion commands. 
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(е) 


initial position in the left corner of the 
playpen. In 5b, it is maneuvering into posi- 
tion for “picking up" the block. In 5с, 
the block has been picked up, moved and 
released in a new position. In 5d, a second 
block has been fetched and placed next to 
the first block, and the robot is turning 
around and heading for a third block. tn 5e, 
it is about ready to pick up the third block. 
In 5f, the third block has been placed, and 
the fourth block is in the "hand." In the 
final frame 5g, the fourth block has been 
placed, spelling out N E W T, which is, of 
course, the robot's name. Approximately 
100 3 byte commands were required for this 
sequence. The program can be executed 
dozens of times without error, and the final 
positions of the blocks and the robot after 
the sequence is finished has a scatter of a 
few millimeters (+1/8 inch) in each direc- 
tion. Of course, when the robot is complete 
with all its senses, it will seldom have to 
execute such a lengthy sequence in a com- 
pletely open loop fashion. Perhaps it can 
eventually do tasks such as searching for and 
finding specific alphabet blocks in a random 
pile of blocks. This would require frequent 
closing of the feedback loops through the 
visual senses. 

As the robot goes through its motions, 
such as depicted in photos 5a to 5g, it 
seems Lo possess an almost uncanny grace 
and precision, Small children, when watch- 
ing it, are frightened at first, but this soon 
gives way to playful interest and warm 
curiosity. Even hardened computer experts 
are amazed to see a computer driving itself 
around on wheels! 


(f) 


(a) 


Some Personal Remarks on Building Robots 


It will not be possible for one person 
alone to write the software for the robot. 
This is far too large a job. It is hoped, 
however, that as the hardware nears comple- 
tion, it will act as a focal point for many 
persons wanting to experiment with the 
robot by writing their own software. A 
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fascinaling project would be to create a 
general "Robot Control Language" which 
would free each programmer from the de- 
tails of the hardware. What a rich experience 
it would be tc work together, exchanging 
ideas in a highly interactive way. There are 
many tulorial possibilities for computer 


science classes and beginning students 
learning about computers. There are prob- 
lems in psychology, procedural languages, 
human-to-machine communication, func- 
tioning of parts of the brain .. . (Working 
with robots is certainly one way to gain a 
much greater appreciation for the complex- 


SOME TERMINOLOGY 


Amp hour: A unit of energy for rating batteries. 
The battery of NEWT, with its 84 Amp hour ca- 
pacity, can store enough charge to drive a steady 1 
A load for 84 hours, or a 14 A load for six hours. 
The finite capacity of any practical battery means 
that any mobile robot must incorporate some pro- 
grams for seeking electrical outlets and recharging 
batteries periodically. 


Azimuth: As used here, an angle relative to a fixed 
direction in the horizontal plane. 


Cognition: As Webster has it, this is "the act or 
process of knowing, including both awareness and 
judgement." [Webster's New Collegiate Dictionary, 
1976 edition./In the context of robots and artifi- 
cial intelligence, this term refers to programmed 
models which approximate the behavior of natural 
cognition. 


Degrees of freedom: The state of a robot mechan- 
ism (or any other system) can be described by 
specifying the current value of each variable para- 
meter. Thus, if а robot arm has seven joints, the 
position of its "hand" might be determined by the 
angular setting of each joint, Each such indepen- 
dently variable parameter of a system is called a 
"degree of freedom," so the seven jointed arm 
would have seven degrees of freedom. 


Heuristic: A heuristic computer program is one 
which starts out with an approximate method of 
solving of a problem within the cantext of some 
goal, and uses feedback from the effects of the 
solution to improve upon its own performance. 
Heuristic programming is one of the major contem- 
porary artificial intelligence techniques, and is a 
key to developing a cognitive robot. 


Manipulator systems: A generic term for any me- 
chanical device which a robot uses to directly ma- 
nipulate its environment. In the NEWT robot, this 
is currently (see photos) a simple sheet metal frame 
which can catch a block and slide it across the 
floor as the robot moves, with no active grasping; 
NEWT is intended to eventually have a much more 
flexible system of manipulation as described in the 
text. Most industrial robots currently in use consist 
of manipulators alone, without much in the way of 
sensory feedback or motive systems. 


Motive systems: A generic term for the mechan- 
isms used to convey the robot around its environ- 
ment, In the NEWT robot, this refers to the two 
drive wheels, balancing caster and stepper motors 
which propel the robot. 


Open !oop, closed loop: A closed loop system is 
one which operates with feedback from errors. The 
feedback is intended to correct for the errors and 
thus approach the truth; an open loop system ig- 
nores error signals and operates on the sometimes 
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naive assumption that no errors occur. The terms 
must be qualified by a reference to the time inter- 
vals involved ín the system: NEWT, for example, is 
a closed loop system over long time periods, since 
it is intended to navigate using feedback from its 
sensors; however, due to the processing loads asso- 
ciated with sensors, NEWT operates open loop be- 
tween navigation sightings in a manner analogous 
to the dead reckoning method of navigation used 
occasionally by airplane pilots or captains of ships. 


Round off errors: In operations such as addition, 
multiplication or calculating transcendental func- 
tions, there is often some uncertainty in the least 
significant part of the result. In an extended calcu- 
lation in which these operations are repeated over 
and over, appreciable round off errors can accumu- 
late. !n a digitally controlled vehicle guidance 
system such as that used for a robot, these numeri- 
cal errors are a major source of uncertainty in the 
vehicle position, and ars just as important as more 
obvious sources of error such as step quantization 
or slippage in the drive mechanism. 


Senses: Іп a robotics context, senses are specialized 
peripherals which convert information about the 
environment into signals which can be analyzed by 
8 computer or used directly by the electronics, as 
in a reflex, Sensory information may be obtained 
from devices as simple as a microswitch with a 
"feeler" arm, ar as complicated as photoelectric 
imaging arrays with zoom lenses and pointing 
mechanisms, 


Stepping motors: An ordinary electric motor is 
characterized by continuous motion when ener- 
gized. A stepping motor uses a different design phi- 
losophy to achieve a motor which will move its 
shaft in small incremental angular steps on com- 
mand, and will actively maintain íts position in be- 
tween each command, This type of motor is very 
well adapted to digital control of mechanical sys- 
tems, and is used by NEWT for all mechanical mo- 
tions in the robot. 


Step quantization: The stepper motors have a 
finite angular resolution built into their design. 
This means that any mechanical motion derived 
from the motor will have a certain minimum step 
size, so that any attempt to position to a finer 
tolerance must be approximated, 


Trajectory: The path of a moving object is its tra- 
jectory. In the case of the mobile robot, a trajec- 
ectory is planned before motion takes place, given 
a desired goal position and à world model which 
covers its course and objects which may be in the 
way. 


World model: A world model is the result of cogni- 
tion as implemented in robots. Formally, it is an 
information structure built up in the memory of 
the robot, based on both ínitialization and heuris- 
tic interaction with the environment. 


ily and capability of the braln.) In addition, 
experiments can continue on sensor develop- 
ment and interfaces from sensor to com- 
puter. There are a great many practical spin- 
offs from this kind of work. 

Many people believe that as more and 
more advances are made in microelectronics, 
the prospects of mass producing robots will 
become attractive, and the prices of these 
hypothetical machines will plummet. (Let us 
hope we will have learned something from 
RUR.) If this occurs, many applications 
will open up. Besides such things as plane- 
tary surface exploration, such as already 
demonstrated by the Viking robots, one can 
envision undersea robots working on oil 
pipelines and well heads, coal mining robots, 
fire fighting robots, agricultural robots, 
robots on assembly lines producing cus- 
tomized articles, robot-like prosthetic 
devices, and many other types of robots for 
specialized and general service, doing jobs 
which are too difficult, loo dangerous, or 
which are otherwise undesirable for humans. 

| have been asked many times the ques- 
tions, "Why are you building a robot?", and 
“What will it do when it is finished?” The 
answer to the second of these questions is 
easy: | simply don't know what the robot 
will be able to do. This is the whole point of 
building the robot. Given a modest amount 
of hardware and a greater amount of sofl- 
ware, thoroughly integrated to form a sys- 
tem, the idea is to find out just what such a 
system is capable of doing. The whole is 
likely to be far greater than the sum of the 
parts. The system is pushed as far as the 
available time, money and energy will allow 
in order to learn what can he done and what 
cannot be done; in other words, to explore 
the frontier of robot research, and to know 
and understand the problems involved. The 
necessary knowledge can neither be obtained 
by theoretical studies, nor by simulations 
using large computers. 

In regard to the first of the questions, | 
have been fascinated with robots since the 
mid-I950s and have constructed several 
robot devices prior to the one described in 
this article. The construction of such ma- 
chines presents many interesting challenges. 
A functioning robot is a most curious blend 
of electronics, mechanics, computer design, 
computer programming and artificial intel- 
ligence. All these fields come together in the 
design and construction of a robot, and each 
must be explored in depth, Added to this are 
the challenges and excitement of locating 
obscure components іп surplus store parts 
bins around the country, planning, building, 
and then replanning, rebuilding, and, of 
course, experimenting and learning. To me, 


About NEWT's Name and Family Tree 


The origin of NEWT's name is buried in 
an often quoted verse from Macbeth by 
William Shakespeare . . . 


In the cauldron boil and bake; 

Eve of newt and toe of frog, 

Woo! of bat and tongue of dog, 
Adder's fork and blind-worm's sting, 
Lizard's leg and howlet's wing, 

For a charm of powerful trouble, 
Like a hell-broth boil and bubble. 


Newt |, the present robot's predecessor, 
was a light-seeking robot consisting of a 
large eye on a stalk rising above a motor 


driven platform. 


all these are fascinating aspects of endeavors 
which are perhaps best left to amateurs. | 
say this, because | strongly believe that the 
amateur computer enthusiast has a golden 
opportunity to participate in advances in the 
field of robotics. In fact, the amateur has 
several advantages over Ihe professional. The 
research can be as abstract as the amateur 
wishes it to be and can be conducted 
without regard to immediate payoff poten- 
tial in the marketplace. There is no need to 
spend time writing elaborate proposals, no 
need to continually justify the direction of 
the work, and no need to get hard results 
every few months Lo write up and stick into 
quarterly reports. History has shown that 
precisely this atmosphere of freedom which 
surrounds the amateur is the atmosphere in 
which brilliant innovations and discoveries 
are somelimes made.m 
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Photo 7: The complete 
setup of the {BM Selectric 
Keyboard Printer, typing 
under the control! of a 
KiM- | microcomputer 
with a 4 K memory expan- 
sion, The Selectric inter- 
face described in this ar- 
ticle is housed in the 
equipment case in the 
center of this photo. 


Interfacing the IBM 


One of the most desirable forms of 
computer output is high quality typewritten 
text suitable for preparing letters, reports 
and other documentation. À word proc- 
essing system which speeds up the process of 
writing and revising text would be a very 
useful and feasible application for a small 
microprocessor based system, provided Lhat 
a suitabte hard copy oulput device can be 
found at a reasonable price. 

An ideal output medium for such a word 
processing system would be an IBM Selectric 
office typewriter. Selectrics are moderately 
expensive when compared 1o ordinary type- 
writers ($630 to $830 depending on thc 
aptions chosen}, but they are ubiquitous in 
the office environment, produce very high 
quality typed output, and can be used to 
print in many different type styles simply by 
changing the ball shaped lyping element. 
Special typeballs are available for printing 
mathematical symbols and for the APL 
character set (see “What is APL?", by Mark 
Arneld, Navember 1976 BYTE, page 20). 
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Unfortunately, the job of converting a 
Selectric office typewriLer is made somewhat 
morc difficult by the fact thal (contrary to 
popular belief) the Selectric mechanism is 
entirely mechanical and not elecironic in 
nature. The only use of electric power in an 
ordinary Selectric is for the motor which 
turns the drive shaft and various gears and 
cams, IL is necessary to use solenoids Lo push 
fevers and “baits” in the base of the mech- 
anism to achieve printing under computer 
control. Similarly, contact switches must be 
installed in order to use the keyboard for 
computer input. 

There is another alternative, however. A 
variety of computer terminals and other de- 
vices based on the Selectric mechanism are 
becoming available on the surplus market, 
often at a fraction of their original prices. 
These machines have their own built-in sole- 
noids or other means for mechanical control, 
and present some sort of electrical or elec- 
tronic interface to the outside world, The 
simplest, most commonly available, and of- 


Selectric Keyboard Printer 


ten the cheapest of these are the Selectric 
Input/Output Keyboard Printers, Models 73, 
731, 735 and others. They were manufac- 
tured by IBM, typically for use as ІО devices 
in other companies’ computer systems. As 
these systems have become obsolete, the Se- 
lectric Keyboard Printers have found their 
way into surplus channels. 

As a business school student and experi- 
enced user of computers, | have always 
wanted to build a word processing system 
around my own home computer. Hence | 
seized a chance to acquire a Model 73 
Keyboard Printer for $450 from the Com- 
puter Warchouse Store in Boston. (These 
units were sold out in a few weeks; | have 
heard of prices ranging from $250 to $1500 
through other channels, but as interest in the 
units increases, their typical prices are bound 
to rise.) Armed with a couple of old IBM 
manuals provided by the Computer Ware- 
house Store, | set out to accomplish what | 
expected would be a straightforward inter- 
facing process, 


(Teaching KIM to Type) 


This article is a report of my experience, 
and a detailed description of the interface 
which | built. Briefly, the interfacing proc- 
ess, while simple in principle, was not at all 
straightforward in practice. But it was suc- 
cessful, even for such a mechanically inept 
person and relative novice in electronics as 
me. For about $50 in parts (including such 
extravagances as a prelly cabinet and a $20 
IBM connector to plug into the Selectric's 
peculiar 50 pin receptacle), and lots of labor, 
| produced the unit shown in photo 1. It’s 
only an interface to the Selectric printer, 
since l'm content to use my existing ASCII 
keyboard for input. It has its limitations, but 
it works. 

This, of course, is hardly the last word on 
Selectric Keyboard Printer conversion. 
As a BYTE reader, | would be delighted to 
see information on more comprehensive 
interface designs, as well as actual experi- 
ences with several of the units currently on 
the market. Since most of them are sold on 
an "as is" basis, these machines can bring 
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Photo 2: A closeup of the 
IBM Selectric ball mech- 
anism on its moving car- 
riage within the printer. 
The Courier 72 ball shown 
here ls one of many 
balls available with the 
"Correspondence" coding 
arrangement. 


Intute cet 


fic 2, 


Photo 3: This diagram, from the IBM manual number 241-51 59-3, shows how 


you a lot of grief (read on), So it's wise 1o 
report on problems, and how you overcame 
them. 


The Selectric Mechanism 


To appreciate what the interface must do 
(and what can go wrong), it is first necessary 
to understand basically how the Selectric 
mechanism works. The typing element is a 


Ке ybor d Section and Chazia Sulectihn 


the various bails of the mechanism are connected in a typical case. The IBM 


manuals for the typewriter output unit are valuable reference materials and 


can be obtained by calling your local IBM office. 
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golfball sized hollow sphere embossed with 
up to 88 characters, arranged in four hori- 
zontal rings of 22 characters each. Photo 2 
illustrates the ball in its rest position in the 
mechanism. All the lower case or unshifted 
characters appear on the “western hemi- 
sphere," the side normally closest to the 
paper. The upper case characters are in 
corresponding positions on the back side or 
"eastern hemisphere." Pressing the shift key 
causes the whole typeball to rotate 180°, 
thereby allowing the upper case characters 
to be printed. Hence, the actual typing 
operation can select any of 44 characters, 
four half rings of 11 characters each, with 
five to the left and five to the right of the 
center or “home” position on each ring. A 
particular character is selected by causing 
the typeball to tilt up or down and rotate 
right or left; then the ball jumps forward to 
strike the ribbon and paper. These move- 
ments account for the peculiar "dancing" 
motion seen when the Selectric is typing 
continuously. The typeball is mounted on a 
carriage which moves across the page, as 
opposed to traditional pre-IBM typewriters 
where the paper carriage moves and the 
typing mechanism remains stationary. 

The actual tilting and rotation of the 
typeball is accomplished by an incredibly 
complicated system of latches, pulleys and 
levers which are driven by six moving 
“bails,” or rods in the base of the machine. 
Although wc need not understand the de- 
tailed mechanical linkages, we should 
appreciate the roles played by these six 


INTRODUCING THE COMPLETE 


CHALLENGER SYSTEM. 


OSI's DREAM MACHINE 


is a totally integrated computer system. 


Imagine a system complete wiih terminal, CPU, memory. 
floppy disk, software, and all the little necessities to make it 
work together immediately. Now imagine this complele system 
available not only fully assembled, but priced much lower than 
anyone else's kit. What you are dreaming of is OSl's "new" 
Challenger System! 

In the configuration shown above, the Challenger includes 
everything an end user needs for a complete small computer 
system. All you add is 110 VAC power and a desk to put tt on. 

This fully-assembied system includes; 


HARDWARE: 

OS! Challenger 65 with 16K RAM, serial interface, system 
monitor PROM, and floppy disk bootstrap PROM. 

OSI Challenger single drive floppy disk formatted for 250K 
bytes storage per diskelte surface, 

Stand-alone terminal and Sanyo monitor for 16 lines of 64 
characlers at 2400 baud (other terminal options are available) 

And all interconnecling cables! 


SOFTWARE: 

2 diskettes containing over 100,000 bytes of software in- 
cluding OSI's powerful Disk Operating System with variable 
length sectors. 6502 DISK BASED RESIDENT ASSEMSLER/ 
EDITOR! A tolally interactive Assembler/Edilor which as- 
sembles up to 600 lines a minute and is completely compatible 
with MOS Technology's Cross Assembler format. This program 
also contains a powerful disk-based line edilor with commands 
for general text editing. OSI'S EXTENDED MONITOR: A power- 
ful machine language debugging and utilities package including 
a Disassembler which is format compatible with the Assembler! 
OSI 6502 8K BASIC FOR DISK BY MICROSOFT: This powerlul 
BASIC has all Ihe features of Altair" BK BASIC for Ihe 8080 
plus higher speed and disk storage. And it comes complete 
with a BASIC program library. 


DOCUMENTATION AND SUPPORT: 

We include over 600 pages of hardware, software, program- 
ming. and operation manuals. The Challenger is based on the 
well-proven OS! 400 system. The over 2,000 OSI 400s and 
Challengers now in use assure continuing hardware and soft- 
ware support for this system for years lo come! 


EXPANDABILITY: 

The Challenger System can now be expanded to 192K of 
RAM and 16K of I/O and ROM. There are over 13 accessory 
boards including A/D, D/A, parallel and serial 1/0, cassette 
interfaces, a dual drive floppy, a video graphics display, several 
RAM and PROM boards, and multiple-processor configurations. 


APPLICATIONS: 

The Challenger system is complete, fully assembled and 
configured so that the Disk Operating System can be booted 
in immediately on system power-up. Even a relatively inex- 
perienced operator can have a complex BASIC program on-line 
just seconds after the system is turned on. The ease of use, 
high reliability, and large library of standard BASIC applica- 
lions programs make the OS! Challenger System the first 
practical and affordable small computer system for small 
business, educational institulions, labs, and the personal 
computerist. 


PRICES: 
Challenger System, complete as stated above with terminal 


and monitor $259900 


As above without lerminal. Specify RS-232 or 20ma loop 
and baud rate $209900 

IMPORTANT NOTE: 

One of the most important features ої the Challenger System 
is that it is not really "new". OSI has been delivering the basic 
circuitry of the Challenger since November 1975 and the floppy 
disk since June 1976. The only thing new is the total integration 
of the components as a complete, simple to use, fully-assem- 
bled, small computer system. 

For more tree information and the address of the OSI 
Computer Dealer or representative in your area, write to: 
OSI; Dept. 5; Hiram, Ohio 44234 or enclose $1.00 for the full 


OSI catalog which contains kits from $134 and fully assembled 
computers from $439. 


Ohio Scientific Instruments 


11679 Hayden Street, Dept. S, Hiram, Ohio 44234 
Circle 40 on inquiry card. 


moving bails. Two of the bails, referred to as 
TI and T2, are moved or not moved in onc 
of the four possible combinations to provide 
the proper degree of Lilt necessary to select 
one of the four rings. Three more bails, 
called R1, R2 and R2A, are moved or not 
maved in various combinations to provide 1, 
2, 3, 4 or 5 increments of counterclockwise 
rotation, normally ta select one of the five 
characters to the right of center on the given 
ring (as seen from above). Finally, when the 
bail named R5 is moved, Lhe Lypeball rolates 
90° clockwise so that the counterclockwise 
movement provided by R1, R2 and R2A can 
select one of the five characters to the left of 
cenler on the ring. (When none of the rotate 
bails is involved the center position an each 
ring is selected.) 

To print a particular character, then, we 
need to know its position on the typcball 
(which can vary from ball to ball), as well as 
what combination of bail movements — FI, 
T2, R1, R2, R2A and R5 — will take us to 
thal position, Figure | presents the "'coordi- 
nates" of each character in terms of the six 
bail movements for the 1wa most common 
character arrangements, Lhe ones used on the 


“BED” 
lypeballs. 


and "Correspondence" encoded 


The Keyboard and Print Magnets 


In an ordinary Selectric typewriter, the 
keys are mechanically tinked to the various 
bails, as shown in photo 3. Striking a key 
depresses an “interposer” bar with a particu- 
lar combination af Fingers which arrest the 
motion of some of the bails. The interposer 
also moves a "cycle ball” which releases the 
drive shafi and allows it to turn 180^. On 
the drive shaft are a number of cams which 
control ihe series of movements necessary ta 
print a character, as selected by ihe Lill and 
toiale bails, At the end of the cycle every- 
thing is back to normal, waiting for another 
key to be struck. 

In a Selectric Keyboard Printer, the Lill 
and rotate bails are also mechanically linked 
to six clectromagnels. The magnets pull 
down armatures which otherwise would 


arrest the motion of the bails, To print a 
some combination of the six 
the particular 
for that character as 
In addition, samething 


character, 
magnets must be energized, 
tilt and rotate "code" 
found in figure 1. 


TYPEHEAD LAYOUT 


T-5s = Tilt latches active 
R-S = 


Rotate latches active 


Upper Сава are Lower Case 


0 +1 32 43 4 45 2 1 +1 


CORRESPONDENCE 
TYPEBALL 
CODES 


COLOR KEY 


IE 
В - 


Home Position of Ball 
Tilt Rotate Command Bits 


Figure і: The graphic fonts of the BCD and Correspondence typewriter codes. The location of each character on the Selectric 
ball is described by a unique combination of case, Hit and rotate commands. The upper case versus lower case choice is made by 
a mechanical latch set up before printing, so the chart is broken down into two main sections far each code, The home position 
of the typeball is flagged in each case by a color shading. The binary command information for each matrix position is given by 
the rows in the center labeled “ROTATE” and the columns at the right labeled “TILT.” Thus, to form the Correspondence code 
for the letter 5, the tilt command bits are 07, and the rotate command bits are ОТТО for a tilt rotate command code of 010110 
to be used in the format described in figure 7, 
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SATISFY YOUR APPETITE 


FOR COMPUTER | 
sod ps SAMS ‘COOKBOOKS 


Send for the cookbooks and 
manuals described. Increase 
your knowledge of minicomput- 
ers, microprocessors, computer 
technology, related computer 
circuits and peripheral equip- 
ment. Be satisfied or your 
money back. 


E How To Buy & Use 


Minicomputers 

& Microcomputers 

By William Barden, Jr. 
This manual gives you the 
basics of minicomputers and 
microcomputers. Explains 
their hardware and software, 


the peripheral devices available 


and various programming languages 
and techniques. Allows you 10 decide which 


system is best for your needs. 240 pages; 
soltbound. No 21351 $9,95 


Microcomputer Primer 

By Mitchell Waite and 
Michael Pardee 

Written tor the beginner In the 
computer field. All the basic 
concepts and characteristics 
of microcomputers are 
explored, The easy to under- 
Stand language prepares you 
for further study. 224 pages; 
softbound. No. 21404 

$7.95 


CMOS Cookbook 

By Don Lancaster 

Your complete guide to the 
understanding and use of 
Complementary Metal-Oxide- 
Silicon integrated circuits. 
Gives usage rules; power 
supply design examples; 
applications; information on 
breadboards, testing, tools, 
and interlace. Detailed 
coverage of logic and more. 
418 pages; softbound. No, 21398 $9,95 


The Big CMOS Wall Chart 35” x 23” 
Big, teadable wall chart provides essential 
information on CMOS devices. No. 21399 $2.95 


Computer Dictionary and 
апі Handbook 
РШЕ By Charles J. Sippi & 
г iC IT PR Charles P. Sippi 
A1 your finger tips you have 
more than 22,000 definitions, 
„= acronyms, and abbreviations 
== Be") dealing with the field of data 
=] processing. Also 13 
2 | appendices cover a myriad of 
es >t 4 computer related subjects. 
» 784 pages; hardbound. No 
20850 $19.50 


TTL Cookbook 

By Donald E. Lancaster 
You'll discover what 
Transistor-Transistor Logic is, 
how it works and how to use 
it, Discusses practical digital 
applications, You'll learn to 
build TTL systems that 
entertain, test and train, 336 
pages; softbound No. 21035 
$8.95 


User's Guide to TTL (Wall Chart) 35” x 23” 
Shows you needed information on TTL 
devices at а glance. No. 20180 §2.50 - 


CLIP OUT 


TV Typewriter Cookbook 

By Don Lancaster 

Your comprehensive guide to 
Jow соб! television display of 
alpha-numeric and graphics 
data for microprocessor 
systems, word processing, TV 
titling and video games. 
Covers configurations, 
memories, keyboards, 
techniques and much more 
256 pages; softbound. No 
21313 $9.95 


Send your order 
Today! 
Send books and/or wall charts checked below, 
£ enclosed“ . i understand that, if not 


completely satisfied, | may relurn my order 
within 10 days for a full refund 


(_} 21351 [ ] 21399 [ ] 21080 [ ] 20969 
[C] 21404 [ ] 20850 [ ] 21373 [ | 20715 


[Г] 21398. [ ] 21035 [ | 21168 C. 


*Include sales tax whera applicable. ®, 


Canadian prices slightly higher. 


Aclive-Filter Cookbook 

By Don Lancaster 
Dynamic coverage of active 
filters. What they are and how 
lo use them. Learn to build 
and apply them to audia 
equalizers, speech therapy, 


240 pages; softbound. 
No. 21168 $14.95 


NAME please print 


— M —————M 


ADDRESS 


CITY 
STATE 21Р 
EJ630 
Howard W. Sams & Co., Inc. 


4300 West 62nd Stree! 
Indianapolis, Indiana 46206 
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psychedelic lighting and more, 


ino апо 


IC Op-Amp Cookbook 

By Walter G. Jung 

Now one book gives you 
in-depth exposure to IC op 
amps, Covers theory and over 
250 practical circuit applica- 
lions. 592 pages; softbound. 
No. 20969 $12.95 


RTL Cookbook 

By Donald E. Lancaster 
You will learn the how and 
why of Resistor-Transistor 
Logic. Obtain useful design 
information and many digital 
applications. 240 pages; 
soitbound, No. 20715 $5.75 


Tilt Rotate Bails 


Drive Shaft —————9— 


Photo 4: A detail of the 
underside of the Selectric 
Keyboard Printer with 
housings removed, The 
overlay shows several of 
the key points such аз the 
location of various mag- 
nets, the switch contacts 
and interconnection 
receptacle. 


Keyboard 


; Ж ИШИ 


HA igni ped erg en 


Check T1 Rza") R2 


Print Magnets 
50 Pin Receptacle 


| hon 


d 


Keyboard Lock 


Solenoid 


Upper and Lower 
Case Shift 
Maunets 


Control! Magnets 


(tab, backspace, index, space, carriage return) 


must acluate the ‘'cycle bail" to start the 
printing process. Hence a trip mechanism is 
provided which moves the cycle bail when- 
ever any of the armatures is pulled down. 
However, there is one character on each 
hemisphere which should be printed when 
none of the magnets is energized, for the 
code 000000. Hence the trip mechanism is 
connected lo a seventh magnet, called 
"check," which provides an odd рагу 
function for the other six magnets. It is 
energized whenever necessary to ensure thal 
the total number of magnets energized is 
odd. Thus the check magnet is energized on 
the code 000000, and this serves to actuate 
the cycle bail. (1 didn't realize this when 
building my interface, so | can't print those 
two characters yet. Don’t make the same 
mistake!) 

Besides the print magnets, there are a 
number of other magnets and armatures 
inside the Keyboard Printer which control 
special functions such as space, backspace, 
tab, carriage return, index (ie: advance paper 
without returning), ribbon shift, and upper 
and lower case shift. Many of these magnets 
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can be seen in photo 4, which exposes the 
underside of the machine and outlines the 
positions of many components, The upper 
and lower case shift magnets are latching, 
and hence they lock the machine into the 
new case until the opposite magnet is ener- 
gized. Note that the operator cannot shift 
the machine back into lower case when the 
upper case magnet is latched! By Murphy's 
Law this is bound to happen whenever you 
are testing the interface, but it can be 
remedied by fooling around with the shift 
cam at the end of the drive shaft, 

No electric power is provided for any of 
these magnets inside the Keyboard Printer, 
bul the coil connections are brought out to 
the 50 pin receptacle at the back of the 
machine. The magnets are rated for 43 to 
53 VDC al 125 to 300 mA, applied for at 
least 10 ms in order to pull down the 
armatures and cause the desired action. 


Switch Contacts 


The other major addition to the basic 
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Interfacing With an 


Analog World—Part 2 


Last month we discussed transducers and 
amplifiers, These are necessary portians of a 
signal processing system which result in 
scaled voltages of, for example, 0 ta 10V 
corresponding to the original physical 
parameter being measured. But haw can we 
convert these voltages into numbers inside a 
computer for computation, and use numbers 
from computalions to control external 
voltages? In this article we'll sec how some 
of the тоге common conversions are 
accomplished. We'll start with digital to 
analog conversion, even though this may 
seem at first glance to be backwards. The 
reason for starting with the output process is 
that digital to analog conversion is simplest, 
and that many analog to digilal input 
conversion techniques require a digital Lo 
analog conversian as part of the process. 

There are several Lechniques for making a 
digital Lo analog converter (often abbrevi- 
ated DAC), In most cases these converters 
use some farm of binary weighted current or 
voltage summation that is controlled by the 
digital word presented to its inputs. A 
typical example is the classical R-2R 
technique which is outlined in figure 1. The 
active element Al is an operational amplifier 
of unity gain inverting follower configura- 
tien, Although an amplifier of the 74] 
general purpose family will suffice in many 
experimental situations, it is often better Lo 
select one of the more castly premium grade 
integrated circuil operational amplifiers. We 
have shown the digital inputs of the circuit 
in figure 1 as mechanical switches, a 
configuration which is most useful in a 
tutorial situation when teaching the concept 
of the digital to analog conversion. [n 
practical digital to analog conversion applica- 
tions the switches are electronic, and are 
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controlled by some form of n bit binary data 
source such as 4 counter or computer output 
port, 

A precision reference voltage source is 
required as weil, and for many commercial 
and industria! system designs this will be a 
precise 10.000... V. The accuracy of the 
converter is largely dependent upon the 
precision of the reference voltage. Although 
any precise voltage regulator circuit may be 
used for the reference, | have found in 
laboratory instrumentation experience that 
commercial products such as the REF-O1C| 
or REF-01H] (for severe applications) work 
quite well. In a homebrew experimenter's 
situation, where relaxation of tolerances is 
quite normal, a simple zener diode reference 
circuit will often prove quite adequate. 

Now let's consider the circuit in figure 1 
їп more detail. What happens when 
various combinations are presented to the 
digital input? Suppose that all the input bits 
are in the low state, which means that they 
are connected to ground by the electronic or 
mechanical switches shown, The value of the 
output voltage is given by the product 11 R. 
When all bits are grounded through the 
switches, the input current to the amplifier 
is zero, as can be deduced by tracing, noting 
that there are no nonzero inputs to the 
amplifier's feedback node, (In practical 
circuits, though, there may be some output 
voltage under these circumstances due to 
offsets in the operationa! amplifier itself. 
These undesirable offsets may be nulled out 
through an offset adjustment potentiometer 
arrangement, Куу in this circuit. See 
some of the tutorial design books on 
operational amplifiers for further elabora- 
Lion of this detail.) 

If the most significant bit of the word js 


set lo a logical 1 value, then the output 
voltage (assuming Re; is arbitrarily set) will 
be approximately one half the reference 
voltage, as can be verified with the 
operational amplifier gain formula shown in 
figure 3 of the first part of this article. (The 
remaining resistors in the R-2R network 
have no effect in this case since both ends 
are effectively tied to ground. One end is the 
real ground at the left, and the other end at 
the feedback node of the amplifier is its 
“virtual ground" for the signal.) The analysis 
of the next most significant bit and the 
remaining bits of the digital word is a bit 
more complicated, but the result is what 
might be expected. The bit controlled by 52 
in figure 1 wil! contribute one fourth of the 
reference voltage Lo the output of AT; the 
bit controlled by S3 will contribute one 
eighth of the reference voltage. And for 
switch, or bit, n (where n starts at 1) the 
contribution will be Ер рр /{2"). 

Lei us assume that we have an 8 bit 
digital to analog converter of the type shown 
in figure 1. The word at the input Lerminals 
is 11001011 and the reference voltage is 
precisely -- 10.000 VDC, What is the output 
voltage? The following calculation, which 1s 
easily generalized, shows how the value is 
derived: 
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But use of amplifiers and resistors as shown 
in figure | is hardly optimal in an age of 
integrated circuits, А number of manu- 
facturers offer convenient law cost & bit 
integrated circuit digital to analog converters 
that contain almost all of the electronics, 
except possibly the Eager supply and the 
operational amplifier used for output voltage 
conversion and level shifting. | have used 
those by DATEL, Analog Devices and 
Precision Monolitliics with good results in 
laboratory instrumentation, Experimenters 
and designers will also find the parts in the 
Motorola MC1408 family, as well as several 
similar paris made by Signetics, lo be quite 
useful. For my examples in this article 
| have selected the Precision Monolithics 
DAC-O8. | found this product easy to obtain 
in low quantities (ie: one) through local 
distributors. 

Figure 2 shows (he basic circuit for using 
the DAC-08, along with two voltage 
conversion schemes for its currant outputs 
of pins 2 and 4. The integrated circuit itself 
conlains the electronic switches, the resis- 
tance ladder, à reference amplifier and the 
current output buffer that drives pins 2 and 
4. Two types of input are required to make 
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Figure 1: A classical R-2R 
network digital to analog 
converter implemented as 
a circuit diagram with 
discrete parts and opera- 
tional amplifiers. The 
essentials af any digital to 
analog converter ае 
present: а reference volt- 
age — (two alternatives 
shown), a switched net 
work that creates a binary 
weighted — current corn- 
trolled by the switches, 
and buffering and conver- 
sian amplifiers to create a 
voltage output which can 
drive other circuits, 
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Figure 2: While the circuit 
of figure [| could be 
constructed, it is usually 
more convenient to re 
place it with a monolithic 
integrated circuit device 
such as the DAC-08 part 
by Precision Monolithics, 
which is used for this 
illustration. The integrated 
circuit contains aff the 
components of the R-2R 
network of switches aud 
buffering amplifiers. It still 
requires an output conver- 
sion circuit (two variations 
shown) and a reference 
voltage. Because the R-2R 
network is an integrated 
circuit, this form guar- 
antees the highest possible 
accuracy with none of the 
extra. bother of hand 
wiring a circuit as In figure 
i, 


FULL SCALE 
HALF SCALE 


ута 
| OUTPUT 
VOLTAGE 


CONVERSION 


this digital to analog converter do its work. 
One is the reference current, [pep thru pin 
14, This current сап be generated by a 
precision voltage reference (sec figure 1) and 
a precision low temperature coefficient 
resistor in ihe idea! cases. (For low precision 
applications, ordinary resistors will work just 
fine.) For the configuration shown in figure 
2 and a reference potential of 10 V, this 
resistor should be precisely 5000 ohms, a 
number which js derived from the docu- 
mentation of the DAC-08. 

The second major type of input to the 
converler is the & bit digital word that is 
applied through pins 5 to 12. In the notation 
of figure 2 and throughout this article, the 
bits are numbered fram 1 (must significant) 
to 8 (least significant). Bit | af the РАС-08 
package is wired lo pin 5, with bils 2 thru 8 
wired 10 pins 6 thru 12. The logic levels at 
the inpuls are the usual TTL levels, with a 
low voltage (approximately O volts) sig- 
nifying a logical 0, and a high voltage 
signifying a logical 1. 

One of ihe ошро conversion circuits 
shown in figure 2 is a simple unipolar 
conversion which uses two resistors and no 
operalional amplifier. With this conversion, 
the formulas discussed in Figure ] apply 
except for the fact that the vollage is 
negalive wilh respect 10 ground. When the 
input word is binary 00000000, then the 
output of the converter system is 0.00 V. 
Half scale (—5 V output) is given by an input 
word of binary 10000000, and full scale 
outpul occurs when the input word is binary 
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ТЕНТ. The output under full scale 
conditions will not be 10 V, bul approxi- 
ташу 9.96 V, This slightly unexpected 
condition is due to the mathemalics o! the 
switching network. Evaluating the formula 
for the conversion given earlier, with a 
reference of 10 V and a binary [ЇЇЇЇЇЇЇ 
digital valuc, we Find: 


Eou, = 10 X (255/256) = 9.96 V 


Also shown in figure 2 is an output 
circuit which uses an operational amplifier as 
a level shifter and voltage conversion device, 
Wired with the components shown, this 
amplifier connected to the DAC-08 gives a 
gain of 2 and shifts the generation of output 
levels to à symmetric bipolar range of 9.06 
to +9,96 V. Note that it is impossible to get 
an exacliy zero voltage in this case, since the 
256 possible states are split symmetrically 
about zero. |f the level shifting reference 
resistor Күс were adjusted slightly off the 
5K value, the voltage range of the 
conversion could be pulled slightly (ie: 
0,04 V) positive or negalive so that a true zero 
would be possible For one of the binary 
states, There are other possibilities for the 
output conversion circuits and as in any 
design situation, a little bil of imagination 
always cames in handy. / Readers looking for 
more examples of typical applications 
should consult the applications notes of the 
various manufacturers, Of particular use is 
the excellent specification sheet and applica- 
tion notes on the MCI40S DAC, published 
bv Motorola... CH] 


Analog to Digital Conversions 


With the concept of a digital to analog 
conversion covered, il is now possible ta 
cansider the opposite case: conversion af 
measured voltages from the sensor preampli- 
fiers into numbers which can be processed 
and used by a computer. Of the many 
techniques which are available for per- 
forming analog to digital conversions, we 
will only consider the details of integration, 
counter (or ramp], and successive approxi- 
mation methods here, These are the simplest 
and mast universal methods. 

One of the basic parameters 10 be 
considered when talking about any analog to 
digital conversions is speed. This is nol a 
major consideration in the output. problem 
already discussed, since digital to analog 
current outpul conversions essentially take 
place al the switching speeds ot digital logic, 
and are then limited only by the final 
operational voltage — output — amplifiers 
response, In the input case, however, some 
form of approximation cycle which con- 
verges upon the digital value is required; asa 
result, the conversion can be somewhat 
slower, 


Integration Methods 


At the slow end of the analog input 
conversion spectrum is the integration 
method. This is the type of conversion 
which is typically used in digital panel 
meters and similar instrumentation. These 
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сап be useful in cases where you might 
mount the digital panel meter or multimeter 
in a system, both as a readout mechanism 
and as a measurement conversion device. 
Many such instruments offer parallel digital 
outputs on their rear panels, along with 
control and strobe lines. The appeal of this 
approach often is affected by two character- 
istics? relatively slow conversion speeds and 
binary coded decimal (BCD) encoding 
directly taken from the displays. The 
relatively slow conversion. rates become a 
problem when looking at signals other than 
“stowly varying DC levels” of very low 
frequency sources. The coding character- 
istics may in fact be aptimal for many 
compulational schemes in a computer 
program, but it can be a nuisance if one 
attempts tu use such a meter in à binary 
oriented hardware system, The typical "dual 
slope" integrator used in these digital pancl 
meter circuits is illustrated in figure 3. 

The dual slope conversion circuit consists 
of live basic sections: an integrator, a 
comparator, а control logic section, a binary 
counter, and a reference current or voltage 
source. The integrator consisis of an 
operational] amplifier connected with a 
capacitor in a negative feedback loop. This 
capacitor is charged by ihe operational 
amplifier outpul voltage. The input to the 
integrator is taken from either the analog 
input or the reference source. The com- 
paralor is made with ап operational 
amplifier thal has an open feedback loop. 
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Figure 3: Analog to digital 
conversion by the dual 
slope integration method 
is often performed by slow 
devices such as digital 
panel meters, This method 
works through an analog 
integrator and a counter. 
The integrator has switch- 
able inputs. ft first. inte- 
grates the incoming signal 
for a specified time inter- 
va Then it counts the 
time necessary to linearly 
discharge the charge just 
accumulated with a known 
slope. The result is a count 
which is proportional to 
the voltage which drove 
the integrator during the 
charging time. 
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Figure 4: The ramp or 
counter method of analog 
to digital conversion is 
straightforward: A counter 
is initially zeroed and then 
allowed to count upwards 
until its binary code 
through a digital to analog 
conversion creates a volt- 
age greater than or equal 
to the input voltage. 


This makes its gain very high. If the two 
input voltages are not equal, then the 
operational amplifier output is high or 
saturated. In this case the comparator is 
ground referenced and uses just one active 
input. 

When a START command is received the 
control circuit resets the counter to 
00000000, resets the integrator to OV 
output (discharges C), and sets switch S1 to 
the analog input. The analog voltage creates 
an input current to the integrator which 
causes the integrator output to begin 
charging capacitor C, This means that the 
output voltage of the integrator begins to 
rise, As soon as this voltage rises a few 
millivolts above ground the comparator 
output snaps high. The high comparator 
output causes the control circuit to trigger 
the counter, which begins counting clock 
pulses, The counter is allowed to overflow 
and this outputs an overflow bil. This bit 
changes the state of switch ST. The graph in 
figure 3 shows the integrator charging during 
the interval between START and the 
overflow of the binary counter (tg to ty}, At 
time tj the switch changes the integrator 
input from the analog signal to a precision 
reference source. Also, at lime t4, the 
counter has overflowed and again it has an 
output of 00000000 (maximum count + 1 is 
the same as the initial condition). hh will, 
however, continue 10 increment so long as 
we have a high comparator outpitt, 

The charge accumulated on capacitor C 
during the first time interval is proportional 
ta the average value of the analog input 
voltage between t and tj. 
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Capacitor C is discharged during the next 
time interval (t; to tg), When C is fully 
discharged the comparator will see a ground 
condition on its input and again it will 
change state to make its output low. This 
causes the control circuit to stop the counter 
but does not reset the counter. The binary 
word at the counter output at the instant it 
is stopped is proportional to the average 
value of the analog waveform over the 
interval ty to 11. An end of conversion 
(EOC) signal is generated to let the 
microprocessor or other system know that 
the output data is stable, valid and ready for 
use, The speed limitations are based on the 
requirement for an accurate and stable 
analog integrator, and the need to average 
the input signal over a [апд cycle. 


Counter (Ramp) Analog to 
Digital Conversion 


A counter or ramp type analog to digital 
conversion circuit is shown in figure 4, Here 
we find a voltage comparator, a digital to 
analog converter with voltage output, a 
binary counter, and necessary digital control 
logic. Here is how the conversion works: 

When the START command is issued hy a 
control system (for example, a computer 
output port) the control logic resets the 
binary count to 00000000 and enables the 
clock input to the counter, which begins 
counting upwards at the clock rate. Since 
the counter outputs set the voltage level out 
of the digital to analog converter, the DAC 
generated voltage to the comparator will 
begin to rise. As long as the analog input 
voltage is greater than the reference voltage 
generated by the digital to analog con- 
version, the state of the comparator autput 
will enable counting via the control logic. 
However, when the rising reference level 
finally equals or exceeds the input voltage 
for the first time, the comparato! output 
state will switch and stop the counter, AL 
this time, the output of the counter can be 
read by the computer or other system, and 
represents the value of the analog input 
voltage, If the counter and digital to analog 
converter are both eight bits, the number in 
the counter will represent from 0 
(00000000) to 255/256 times the digital to 
analog converter's reference voltage level. 
The conversion time of this algorithm is 
proportional to the voltage being measured. 

Both the dual slope integration technique 
and the counter technique discussed thus far 
take far too long for many applications. On 
the order of 2^ clock cycles are typically 
required where n is the number of bits 
involved, Conversion time becomes critical 
in an application when the frequency 


COMPARATOR 
RI 
PM. |. 
СМР -OC 3.9M ANALOG 
B <1 INPUT 


10-10% 


NOTE: NOT ALL FIN CONNECTIONS 
ARE SHOWN FOR DÁC-O8B. 
REFER TO FIGURE 4 


SUCCESSIVE APPROXIMATION 
SHIFT REGISTER UNITs, 
OUTPUT LATCH AND CONTROL 
LOGIC 


АМР 
AMPaGa 


START C 
z 25 TTL CLK C> 


response must be high and a faithful 
reproduction is required. (For reference, 
consult textbooks in electrical engincering 
concerning the "sampling theorem" and 
Nyquist’s criterion that says we must have a 
sampling rate of at least twice the highest 
frequency Lhat is 10 be recognized, il a 
faithful reconstruction of the signal is ta be 
achieved.) 


Successive Approximation 


In programming and software design, we 
often find use of a “binary search" 
stratagem instead of a fiat out sequential 
search when trying Lo speed up the process 
of finding an item in a table, This same 
approach is just as applicable in hardware, 
where the “successive approximation” 
technique of analog Lo digital conversion 
provides a much higher speed of conversion 
Шап lhe sequential counting methods 
discussed sa far. The successive approxi- 
mation technique typically requires only 
ntl clack cycles to make an n bit 
conversion, and its hardware is na more 
complex than that of the dual slape or 
counter methods. 

The successive approximation converter, 
shown in figure 5, consists af a comparator, 
control logic, a shift register with output 
latches for this form of conversion, and a 
vollage output digital to analog converter. 


When a START command is issued ta the 
converter circull, iL loads a binary 1 value 
into the most significant bit of the shift 
register, which in turn sets the most 
significant bil of the output latch. This sets 
the output of the digital ta analog converter 
to half scale. In 1rue binary search strategy, 
if the input voltage is less than the reference 
output provided by this half scale setting, 
the most significant bil is cleared from the 
latch on the next clack pulse; otherwise, the 
most significant bit is left unchanged at the 
next clock pulse. Then the internal shift 
register of ihe successive approximation 
register unit is shifted so that its single high 
level bit is opposite the next most significant 
bit, Again, the oulput register is modified, 
this time so thal bit 2 is set 1o 1 for the trial 
measurement, This bit has à value of one 
fourth of the total voltage range, which is 
added to the half range or zero value still 
latched from the first measurement. At the 
next clock pulse, if this new trial value to 
the comparator is greater than the input 
value, the | bit is latched in the successive 
approximation register; otherwise a О bit is 
inserted at the current position. This process 
continues with successively less significant 
bits until the shift register overflows 
indicating that the last bit has been tested, 
Some forms of this conversion have control 
logic to detect an equality condition and 
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Figure 3: The successive 
approximation — method, 
here illustrated with a 
practical circuit, uses a 
binary search strategy. The 
most significant bit is 
tested first, then the next 
most significant bit, and so 
on down the line until all 
n bits have been tested. If 
at each stage the contri- 
bution of the selected bit 
causes the trial approxi- 
mation output from the 
converter to exceed the 
input value, the bit will be 
stored as a zero. After all n 
bits have been tested, the 
result is an n bit binary 
representation of the volt- 
age of the input. 


Continued on page 62 


Ask BYTE 


BRITISH COMMENTARY 


As one of the relatively small number 
of personal computing addicts in 
England, I'm very tmpressed with the 
rate at which the field is growing in 
popularity on the other side of the 
Atlantic, (ve been subscribing to BYTE 
for the past six manths and | promise it’s 
always made fascinating reading. | wish | 
knew where in this country one could 
lay hands on any issues before last 
August's, (Hint, anybady?) 

The advertisements are fascinating, 
100. Anybody considering purchasing 
any sarl of system is almost forced 10 
import it from the USA. My query is 
about TV displays that most of these 
systems use, Naturally, they're designed 
for American TV standards, which 
differ from British ones, We have 625 
interlaced lines per frame, repeating at 
25 М2. Is it, in general, possible io 
modify an American TV display device 
to work with a British TV? Or is all the 
timing generation usually performed in- 
side a special chip? Might | have more 
success if | tried to modify a TV instead? 
| know rather more about TTL logic 
than about televisions, but I'm game to 
learn if necessary. Otherwise, if the 
answer to all these questions is no, then 
the temptation [о come and live in the 
States is going ta be almost unbear- 
able... 

t look forward 10 every issue of your 
magazine; I'm only sorry that | dis- 
covered it so Jate, Best wishes for the 
successful future that you deserve, 


Guy A Burkill 
Corpus Christi College 
Cambridge CB2 1RH ENGLAND 


Are there any other British readers 
who have experienced the problems of 
interfacing American video generation 
logic to European television. designs? 
Some firsthand knowledge of the subtle- 
ties to be found would be the best way 
to answer Guy's query on that subject. 

With regurd ta bach issues of BYTE, 
there are none left, However, much of 
the editorial content is now available in a 
book titled Best of BYTE edited by 
David Ahl, publisher af Creative Com- 
puting, This book contains reprints of 
numerous articles from the first 16 issues 
of BYTE, September 1975 thru Decem- 
ber 1976.9 


SACRED BUSES 


| am very curious about something. 
What is sacred about the Altair bus as 
opposed to others? Would it not be 
possible to install a peripheral designed 
for the Altair scheme to, for example, a 


Digital Group or Southwest Technical 
Products bus? 1 am confused on the Issue 
since it seems Lo me that, functionally, 
lines must correspond between the sys- 
tems pretty well, Perhaps the answer lies 
in the fact that the Altair bus was based 
on the 8080 processor, which has some 
unique 1O methods. ts that the problem? 
Is it really a question of S080 versus 
other processor compatibility? | under- 
stand why a manufacturer would want 
to make plug compatible cards 10 the 
Altair bus, but why couldn't a simple 
conversion be available for any product? 


1 € Chirigos 
1601 Kentucky NE 
Albuquerque NM 87110 


The main issue is one of plug-in 
computibility, Whether you сай it the 
Altair bus, or, as used by non-MITS 
suppliers, the 5-100 bus, the key to the 
wide availability of the peripherals is 
nominal compatibility at the hardware 
level, Even here, there are occasional 
clashes between various manufacturers 
about the definitions af pins not origi- 
nally assigned meanings in the Altair 
definition of the bus. 

At the detail level, a 100 pin bus 
surely works, and in principal one could 
talk fo апу other similar computer at 
the memory and bus interface level sim- 
ply by simulating ail the signals which 
would have been present on the bus in 
Its Altair implementation. This is a quite 
workable procedure, as demonstrated 
by many products 

True, the IO structure of the 8080 is 
unique, and there are some 8080 specific 
features of the Altair bus as a result of 
this and other characteristics of the 
8080. But for the most part, the partic- 
ular selection of the lines present on the 
100 pin interface of the Altair bus is just 
a reflection of discretionary choices on 
the part of the designer(s) of the first 
Altair within the framework of the gen- 
eral design of a microprocessor with 
16 address bits and eight data bits, = 


SOME TERMINOLOGY 


| have a problem, 

First, let me give you some idea of 
my background. | have spent 15 years in 
the computer industry as an applications 
programmer. | am fluent in BASIC, 
FORTRAN, PL/I and APL. Now that | 
have left the industry, | am getting 
interested in recreational computing. 

| have never been involved in logic 
design ог in the details of hardware, пог 
do 1 feel that | want to get involved with 
it now, | would not mind building a kit 
provided that the insiructions were of 
the “pul tab A into slot B" type. 
However, when | read all the ads and 
literature furnished by the various manu- 
facturers, | have the following problem: 
What are you all talking about? 

| thought | knew what “read only 
memory” was. Now | come across “pro- 


Continued on page G7 
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BUY YOUR 
COMPUCOLOR 8001 
FROM THESE 
DEALERS. 


ARIZONA 
Phoenix: 


Teme" 

ҥыл› 
CALIFORNIA 
шна! 
сце 

San Diegu 
Sau Eme 
Sat dose 

бип jose: 


Уу Nuys: 


ООММ ТСЦ 


Windsor Locks: 


FLORIDA 
Coral Gables 
ТУТ 


GEORGIA 
Adanta 


RAWAN 
Firtha 


ШП 
Linute: 
Evanston 
‘ark, Rid 


INDIANA 
Wulranapelis: 


MARYLAND 
Vx kil 


Phoenix Byte Shop West 
$2654 N, 28th Dr 

lempe liste Shop East 
513 N, Scoitsdale Rd 
Byte Shop af Tucson 
2612 E. Broadway 


Byte Shop of Lawndale 
MSSOK ал аги, Blvd 
Computer Mart of Los Angeles 
525 W. Katella, No 10 
The Computer Center 
8205 Ronson Fal 

The Computer Store 
(083 Mission St 

Ameo Electronics 

414 S. Bascom Ave 

Bere Shop 

155 Blossom Hill Rd 
Computer Components 
584% Sepulveda Blvd 


he Computer Stare 
615 Main St. 


Sunny Computer Spares 
I23KA 5, Dixie ау 

Micruconiputer Systeme 
1445, Date Mabey Hwy 


Amia Computer Мал 
SWIER Bulud Iwy 


Lumpy! Campers 
їчї Box tCSS 


The Nurnbers Racket 
ШЕКЕ ЕТЕП 

tny Bitty Machine 
T3 Chicago Ave. 
Chicago Computer Store 
157 Такоц Hal, һу 62 


Home Computer Shap 
IHA? Cheis Ph 


tumper Workshop, In. 
S704 Frederick Ave. 


MASSACHUSETTS 


arlington 


MICHIGAN 
ау 


MINNESOTA 
Minneapolis 


MISSOURI 
Kansas City 


NEW JERSEY 
Iselin 


Ihe Computer Store 
1 ambrndye St 


General © азтршет Company 
2017 Livernals 


Cost Reduction Services 
4042 Henneptn Abe: So. 


Computer Workshup uf Kansas t'ily 


(907 ЕТИП 


The Computer Mart 
ACH Roule 27 


(6802) 842:73() 
1602) 894. 1 129 
1672) 327 43784 
121303712421 
(7149633: 1222 
17611 292-5302 
in 43 1060 
онн 2829 
(4082 226-8321 
1243) 28674101 


12031627 41| NH 


1205) вм 
181, 8794301 


i04) SS 0647 


130811732751 


(QT) 


13121 428-6940 


1112) 82377388 


13/7) 894 АА 


PRGN SS 


Ыт 2724770 


1313 36240022 


16121 822 LI 


URIS) ТЕТ 


1201) 286940 


NEW YORK 

Kast Meadow: Mhe Computes Matt ef Long Iskuid— 18101 794.0510 
2070 loon St 

New tark The Computer Мал 12121 79 ЫК 
304 Sth Ave. 

omo 

Uolanlus L vum udlervision 161412282477 
Нем W. Bron SI 

SOUT CAROLINA 

Colombia Bite Shap 18031771 7824 
201K Greene БД, 

(ХА 

luuston: Communications Center 17058 774.9528 
7231 Fondren 

Waiehandsan The Micro Store 12141231 1096 
634 S. Central Fspresswasy 

WASHING LON 

Seattle. Tula] Computer Stan: 1200) 524-4100 
NONE 72d St 

WISCONSIN * 

Belait Austin Computers 16/981 265-809 
1835 Northgate 

Misteri tit General Precision Electronics (1112618148 
207 Rhine St. 
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Compucolor Corporation 


Circle 38 on inquiry card. 


NOW $2750. 


AMERICAS LOWEST-PRICED 


PERSONAL COMPUTER SYSTEM 
WITH COLOR VECTOR GRAPHICS. 


By taking advantage of the 
new technologies available to 
the industry today, we've con- 
sistently been able to give you 
one of the best prices on the 
market. Now because of great 
response, we can give you the 
best price. You can now buy 
the Compucolor 8001 for the 
reduced price of $2750. A com- 
plete stand-alone system with 
expanded graphics software 
for plotting points, vectors and 
bargraphs on a 160 x 192 
addressable grid —in color. 
Eight independent background 
and foreground colors. 

The Compucolor 8001 has 
an Intel 8080 CPU, 34 1/0 
ports and a color display with 
an effective band width of 75 
MHZ compared to 5 MHZ for 
standard TV sets. In fact the 
Compucolor is the only totally 
integrated system on the mar- 
ket which includes a color 
display. You can also have spe- 


cial options for the Compucolor 


8001 right now, including: Mini 
Disk Drives for extra memory, 
light pens and a variety of 
special keyboard features. 
BASIC 8001 Is Easy To Learn. 
Compucolor’s BASIC 8001 is 


a conversational programming 
language which uses English- 
type statements and familiar 
mathematical notations. It’s 
simple to learn and easy to use, 
too. Especially when it comes 
to intricate manipulations or 
expressing problems more 
efficiently. The BASIC 8001 
Interpreter runs in ROM mem- 
ory and includes 26 statement 
types, 18 mathematical func- 
tions, 9 string functions and 7 
command types for executing, 
loading, saving, erasing, con- 
tinuing. clearing or listing the 
program currently in core, 
Expandable Memory To 64K. 
The Compucolor 8001 has 11K 
bytes of non-destructible read- 
only memory which handles 
the CPU and CRT operating 
systems as well as BASIC 
8001. Sockets are in place for 
an additional 21K of EPROM/ 
MROM memory. The Random 
Access Main Memory has 8K 
bytes for screen refresh and 
scratch pad. 8K bytes for user 
workspace and room for 16K 
bytes of additional user work- 
space. The Compucolor also 
comes complete with a conve- 
nient mass storage device, 


Floppy Tape Memory. It's an 
8-track continuous loop tape 
system, with a Baud rate of 
4800 and an extra storage 
capacity of up to 1024K bytes 
per tape. 
Color Graphics At 
Alphanumeric Black And 
White Prices. 
That's what we're becoming 
famous for, and thanks to the 
tremendous response to the 
Compucolor 8001, we've been 
able to reduce our price even 
lower —to $2750. Look over 
our dealer listing on the adja- 
cent page for the dealer nearest 
you. Then drop by for a dem- 
onstration. And while you're 
checking out the Compucolor 
8001, check out your dealer's 
financing plan. He can help you 
turn a good deal into a good 
deal more. 
Compucolor Corporation, 

P.O. Box 569, Norcross, 
Georgia 30091. 


Compucolor Corporation 
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VOLTAGE 


stop the conversion ahead af overflaw, but 
the worst case time is the n+1 clock pulses 
for n bits mentioned earlier. Figure 6 shows 
ihe sequence of voltages presented to the 
comparator by a 6 bit successive approxi- 
mation algorithm, as compared 1o a 6 bit 
counter conversion algorithm to show the 
time savings of this method. 

In the circuit of figure 5, the comparator 
is shown as the Precision Monolithics 
CMP-O1C device, although faster conversions 
may be possible if a higher speed Advancedl 
Micro Devices AMG86 comparator is used 
instead, The Advanced Micro Devices 
AM2502 integrated circuit, which was 
designed for this successive approximations 
conversion application, contains everything 
needed for the logic described verbally 
above, excepl the digital 1a analog converter 
and the comparator. Olher companies go 
even further with integration of the input 
conversion, — Precision — Monolithics, for 
example, makes an AD-02 circuit which 
contains all the complete 8 bit analog to 
digital conversions. It is relatively expensive, 
but its cost can often be justified by its 
ulilily and case of use. It has a respectable 
conversion speed and has several input 
options that can accomodate analog voltage 
ranges of 0 to 5 V, 0 to TOV, -2.5 to 
*2.5 V, —5 to +4 V, and -l0 10 +10 V. 


INPUT VOLTAGE 


Software Approaches . . 


As noled earlier, the software of a 
microprocessor can often implement the 
algorithms of digital to analog conversion. 
This is especially so with the successive 
approximation algorithm, since its inherent 
speed makes up for some of the slow facts of 
life concerning programmed execution. To 
rig a software approach to the problem, we 
need a digital to analog converter atlached 
to ah output рогі, an input comparator 
which drives one input line, and the software 
of successive approximation (or other 
methods for that matter). Їп this case, the 
successive approximation shift register is 
variable in a program, the output latch is an 
output latch connected to the DAC device, 
and decisions are made based on the single 
bit input. A previous article in BYTE /see 
“Microprocessor Based Analog/Digital Con- 
version," by Roger Frank, page 70 of May 
1976 BYTE] discussed both the ramp 
(counter) and successive approximation 
methods described here, but showed how to 
implement them in software. 

Whether the approach taken is ihat of 
pure hardware or software aided designs, 
adding analog inpui conversions ta a per- 
sonal system can expand its capabilities to 
cover many interesting real world control 
and measurement problems.@ 


TIME —* 


SUCCESSIVE 
IMATION METHOL 


COUNTER METHOL 
BECOMES READY 


BECOMES READY 


Figure 6: Comparison of the successive approximation method with the rump method of conversion for u 6 bit value. (Six is 
chosen for purposes of this illustration.) The successive approximation method takes a mere six cycles of testing to arrive at the 
best value, where the ramp method has to count up io the number which matches the input and causes the conversion ta 
terminate. The ramp takes 44 cycles here, versus six for the successive approximation method. 
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Personal Computing & the 


it's happening at the Dallas Convention Center 
Big Plans for "Big D" 


Innovation and relevance are key words for the 1977 National Computer Conference, the 
first NCC ever held in the Southwest and the year's largest gathering anywhere of 
data processing users, computer professionals and computer hobbyists. More than 
25,000 people are expected to gather in Dallas for a conference program of more 
than 100 sessions and the year's largest display of computer hardware, software, sys- 
tems and services—plus the first National Programming Contest and a series of out- 
standing Professional Seminars. 


Largest Computer Exhibits Ever 


More than 300 major hardware and software companies will pack 1,143 booths 
into the Dallas Convention Center's modern 200,000-square-foot main hall—sur- 
passing the all-time exhibit record set at the 1969 Fall Joint Computer Conference in 
las Vegas. Additional space for the Personal Computing Fair & Exposition is on 


the next level for a totally separate exhibit by commercial producers of Personal 
Computing hardware and software. 


For computer professionals and hobbyists with a need to know, the 77NCC offers 
a unparalleled opportunity to make close-up evaluations and comparisons of the 
latest in computer hardware and software, systems and service ... with many of the 
offerings scheduled to be shown for the first time. 


Headquarters Hotel 


Personal Computing headquarters for the 77NCC will be at the Holiday Inn in 
downtown Dallas. Low-cost housing also will be available at Southern Methodist 
University. For information about NCC's Deluxe Travel Service, which can take 
care of all travel and housing reservations for you in one neat package, contact 
77NCC, c/o American Federation of Information Processing Societies, Inc., 210 
Summit Ave., Montvale, N.J. 07645, 201/391-9810, 


[^ 00 1 


Registration Information! 


For registralion at Ihe conference: 


CF Full faur-ciay registration for 
program, exhibils, Proceedings $75 


O] Student registration, as above, 
wilhout Proceedings $10 


L] One-day registration, program 
and exhibits only $25 


D] four-day registration, exhibits only $25 
O One-day registration, exhibils only $19 


_] Proceedings only. members $30; 
non-members $60) 


[.] Professional seminars, each $30 


Checks should be payable to P977 National 
Campuler Conterence lor {he exact amount 
only. Purchase orders will not be accepted, 
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Great Computer Roundup 


during the 1977 NCC, June 13-16 
Personal Computing Fair & Exposition 


The fast-growing field of Personal Computing will share the national spotlight in 
june, when the 77NCC will recognize the dynamic growth and promise of the field 
with the Personal Computing Fair & Exposition. In addition to the commercial 
exhibits of Personal Computing manufacturers, dynamic displays and demonstrations 
of non-commercial individual and group-owned projects will be featured at the 
Dallas Convention Center. The success of other hobbyists can give you new ideas 
for your own systems, “how-to” tips and dozens of clever solutions to everyone’s 
problems. You might even find a joint-venture partner with a kindred spirit, More 
than 100 non-commercial small computing systems are expected, featuring hardware 
and/or software implementations, games, recreation, music, art, amateur radio, 
scientific, miscellaneous and general applications. Prizes and awards will be given 
in all categories. 


Personal Computing Program 


Two full days of panel sessions on June 15 and 16 will provide an in-depth look at 
Personal Computing: Past, Present and Future; The Future of Retail Computer Stores; 
Hardware of the Computer “Hobby” Market; and Personal Computing Software. 
Leaders in the Personal Computing movement will appear on each of the panels 
to let you know the latest developments in the field, point out trends you'll need 
to be aware of — and answer your questions. 


Special Interest Sessions 


In addition to the panel sessions, special interest groups will be able to gather 
informally for “how-to” programs on building a kit, debugging software, using 
assembly language, 1/O interfaces, cassettes and disks, software standards and 
so on, into the night. 1f the special interest group you want is not organized when 
you get there, we'll do our best to help you get one started! 


National Club Congress 


Is a national personal computing association needed? |f it is, what does it do, how 
does it do И, and who does it? To find out what's happening—pro and con—club 
reps from across the nation will gather to exchange ideas and discuss issues related 
to club activities and programs. Make certain your club sends an official delegate 
who can speak for you and vote vis-a-vis a national organization, establishment of 
national hardware/software standards, a national program library and interchange, 
educational seminars, meetings, ad infinitum. 


1977 NATIONAL COMPUTER CONFERENCE 
Dallas Convention Center * June 13-16 


77NCC: The Great Computer Roundup 


* 


+ + + xt + 


A record-setting roundup of the latest trends and developments in computing and 
data processing will be offered at the 1977 National Computer Conference, the first 
ever held in the Southwest. As a vital learning experience for people whose business, 
professional or personal activities relate to information processing technology and 
techniques, it will encompass 89 technical program sessions, 11 professional sem- 
inars, the largest computer exhibit ever held and many other special events. 


Timeliness and pertinence are key elements in the program, which will analyze 
latest developments and applications in computer science and technology, cost- 
effective computer usage, management concerns and public policy issues. A series 
of briefings and panel discussion will cover practical, up-to-date information 
important to effective management and professional development. Throughout, 
emphasis will be on personal interaction and the exchange of ideas. 


Underscoring the importance of NCC as a learning experience, the professional 
seminars will offer topics from system development and database technology to 
networking, planning and computer usage. Each will be covered in a comprehensive, 
one-day mini-course conducted by a nationally recognized authority, 


77NCC will pay special attention to the fast-growing fietd of Personal Computing. 
Included will be two full days of program sessions, a Personal Computing Fair, a 
Personal Computing Exposition, a National Club Congress, plus additional activities 
of particular interest to hobbyists. 


Special plenary sessions will feature a keynote address June 13 by Mark Shepherd, 
Jr., chairman and chief executive of Texas Instruments Inc.; ihe AFIPS Presidential 
Address June 14 by Dr. Theodore J. Williams; and a special address June 15 by A. 
Douglas Murch, senior vice president, Prudential Insurance Company of America. 


Other highlights will include a Pioneer Day Program honoring members of the 
computing group at Los Alamos Scientific Laboratory; the first NCC National 
Programming Contest; the annual NCC Computer Science Film Theatre; special 
tours and an all-conference reception. 


Be in Dallas June 13-16, when the 1977 National Computer Conference will offer 
computer specialist and generalist alike a most outstanding opportunity to attend 
the year's most complete computer roundup. 


1977 NATIONAL COMPUTER CONFERENCE 
Dallas Convention Center * June 13-16 
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KIT — Without Sockets .......... 

Solder chips directly to PCB 
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grammable read only memory" (or 
worse yet, erasable programmable , . .). 
If it’s read only, haw can it be program- 
mable? What is static memory? Is there 
any other kind of memory other than 
"andom access memory?” 

15 it possible for you to help me out 
of my dilemma? Something between 
“binary numbers are made up of zeros 
and ones’ and "when the static EPROM 
is connected to the DMA using a 3P+S 
IO module." 


Al Weiss 
POB 942 
Alleghany CA 95910 


Shori of the tutorial article which 
may be inspired by your questions, here 
dre d few notes on terminology. and 
concepts in computer design and imple- 
mentation. 


Random Access Memory: For the pur- 
poses of discussing the present state of 
technology, à random access memory 
means some sort of reference lo semi- 
conductor memory parts (excluding 
serial access devices such as shift regis- 
ters). A magnetic core memory is a form 
of random access memory, but is not 
used in modern small computer technol- 
ogy due to various manufacturing and 


Check these features ... 


* ACCESS TIME — 450ns No wait states 
FULLY BUFFERED — for BUS reliability 

LOW POWER CHIPS — for long life and low power drain 
MEMORY WRITE PROTECT — Hardware, 2K segments 
POWER REGULATION — 4 Regulators for reliability 
ADDRESS SELECT — 1K boundaries- Dip. Switch 

LED MEMORY SELECT INDICATOR — Visual Check 
LED MEMORY PROTECT INDICATOR — Visual Check 
BATTERY BACKUP PROVISION — Saves memory during power failure 
OUTPUT DISABLE — Switch selectable for transparent loader application 

P.C. BOARD — Quality G10 material with solder mask both sides and silkscreen 


*. KIT — With IC Sockets ,....... 4. $239 
Ы . $225 


.. $295 
ASSEMBLED — Without Sorkets,... $280 
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Money Order Г] 


Bill my ВапкАглеғісага O Master Charge Г} Card No. 


Exp, Date Interbank Na, 


Signature 


Handling and Postage $2.50. California Residents айй 6% sales tax. 


economic considerations, A read only 
memory (ROM) is а random access 
memory part, as is an ordinary program- 
mable memory, The read only memory 
is distinguished from the lully program- 
mable memory by the fact that it is non- 
volatile (the information is retained 
when power is removed) and moderately 
difficult or impossible to alter once it 
has been set up with a program. 

A commonly used acronym found in 
technical jargon and advertising is RAM, 
referring to random volatile program- 
mable semiconductor memories, Since 
both read only memories and volutile 
programmuble memories are random ac- 
cess devices, this term is misleading and 
ambiguous, In BYTE's editorial content, 
we do not use the term RAM intention- 
ally’, because of this ambiguity, and refer 
instead to "programmable" and “read 
only" memory, Programmable empha- 
sized the volatile, user program oriented 
nature of parts which are often called 
RAMs in conventional engineering jour- 
nals, and read only characterizes fhe 
nonvolatile, permanent nature of the 
other type of random access memory 
part. (Of course, "programmable" is still 
not an optimal choice, since even react 
only memories are always programmable 
in the sense of "program it only once. "') 


Static Versus Dynamic: /n brief, there 
gre two types of volgtile programmable 
memory parts, characterized by the in- 
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FRANKLIN ELECTRIC Co. 


733 LAKEFIELD ROAD 


(805) 497-7755 


ternal design of the basic memory cell of 
the circuit, A static memory typically 
has a cell with sufficient active transistor 
elements to create a true flip flop mem- 
ory register. A dynamic memory typi- 
cally has a smaller memory element size 
which is achieved by replacing the mem- 
ory flip flop with a capacitor which 
stores an electric charge. As a result of 
this smaller unit bit cell size, at the limits 
of technology the largest dynamic parts 
have historically had about four times as 
many bits as the largest static memory 
parts. At the present time, the lurgest 
static memories readily available ure 4 К 
bits per chip, whereas the largest 
dynamic memories are 16K bits per 
chip. 

There is a subtlety of design with 
dynamic memories, however. This is the 
fact that since the storage elements ore 
capacitive in nature, sensing and support 
electronics on the chip tend to drain the 
charge with time, losing any information 
stored in the cell. The dynamic memory 
chips must thus be refreshed period- 
айу, an operation thet is commonly 
performed by cycling through a refer- 
ence to the low order bits of the address 
inputs to the chip. Static memory chips 
have no such refresh requirement, and 
gre often easier to use in prototype, 
small! or homebrew circuitry; the manu- 
facturing economies tend to make 
dynamic memories the most attractive in 
larger systems products, ж 
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Continued from page 9 


number of existing computer science text- 
books. But I’d really like to somehow buy 
the design in a completely documented form 
so that like the plan of the hypothetical 
rolltop desk, I could implement it literally 
with custom modifications. Tutorial and 
"how to" plans books for specialized fields 
such as those mentioned above are widely 
available already, and at prices well within 
the range of an individual's budget. They are 
marketed in large quantities because large 
numbers of individuals use the information; 
outlets range from mail order book services 
to retail! stores. Drawing out of this parallel 
between individualized computing and indi- 
vidualized "anything else," it should be 
obvious what the solution of the software 
dilemma is: Publish detailed plans and 
tutorial information for software, on a scale 
commensurate with the size of the market, 
Publishing ideas is an activity which has a 
long and distinguished history, and yields 
both personal and financial rewards to those 
who engage in the practice, as well as real 
benefits to those who purchase the products, 
Let's turn now to the application of this 
concept to the software designs of the 
computing world, 


The Ideal Model of a 
Published Software Product 


When we talk about publishing software 
at the present state of technology, we are 
talking about a product which is akin to the 
detailed design of the rolltop desk men- 
tioned earlier. It is a product which serves as 
the starting point for the home software 
craftsman, not a recipe which will fit with- 
out thought into every conceivable system. 
This will change a bit as the systems in the 
marketplace become more refined, but the 
nature of the computer as an intellectual 
amplifier tends to require a certain level of 
technical familiarity on the part of its user. 
(This is the element which distinguishes the 
general purpose computer from the applica- 
tions oriented dedicated computer such as a 
4 function calculator or oven controller.) 

In order to make a software package 
which is optimally configured for the 
customer's standard or customized use, there 
is a certain minimal level of documentation 
which is required. This level of documenta- 
tion is not necessarily needed by all users all 
of the time, but is in many respects akin to 
the reference books for integrated circuits: 
When a question needs to be answered, it is 
good to have the information needed to zero 
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convenience and power 
for your money 
plus flexible memory 
and 
1/О expansion 


in on the answer. Here is what | consider to 
be adequate documentation: 


€ Users’ manual textual materials con- 
cerning the "standard" uses and limita- 
tions of the software. Here is where we 
find such information as standard IO 
patch points, relocation tables, etc. 

è Complete object code, preferably 
machine readable along with machine 
readable relocation information. 

* Complete source listing of the package 
including source language and gener- 
ated object code for each statement. 

€ Program logic manuals and tutorials on 
the design of the product are an 
excellent option. 


The idea is to include enough information 
to allow the user to do routine field altera- 
tions, including relocation. The idea of a 
published software product is to compile all 
this information together in a comprehensive 
book form, to be sold at prices characteristic 
of books, as opposed to the past history of 
software prices for applications and system 
software packages. The technology of print- 
ing covers all the portions of the "complete" 
package except machine readable code, at 
least in the minds of most people. However, 
as we have demonstrated with experiments 


| fora change, you'd 
| want them all at a 
| really reasonable 


published in BYTE, printing technology also 
covers machine readable representations as 
well. 


Varieties of Machine Readable 
Representations 


User convenience demands that a soft- 
ware product be made available in some 
form of machine readable representation. 
While it is certainly possible to take an 
object listing in printed form and type it 
into a processor by hand, this is a long, 
tedious and error prone process. To com- 
plete the functional definition of "adequate 
documentation" given above, we need a 
form of machine readable object code at 
minimum, along with machine readable re- 
location information. Fortunately there 
exist several technologies which can be 
employed for this purpose, which 171 review 
here. 


ROM Releases 


This is the most expensive medium pre- 
sently available for reproducing software; 
however, it has utility in the convenience of 
use provided by built-in software. In terms 

| of practical products, however, this form of 
; software will most frequently show up іп 
manufactured products preloaded at the 


| and superior 
documentation to 
get your system up 
and running fast 
with practical 
applications and a 
well-organized 
users group © 5 
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factory, rather than user integrated software. 
A ROM program is difficult to achieve in a 
relocatable form, and has a certain per- 
manence which is both its advantage (con- 
venience) and its disadvantage (difficulty or 
impossibitity of patching). This method has 
been successfully employed in several desk 
top calculator packages in the form of ROM 
software options, and in such personal com- 
puting products as built-in BASIC interpre- 
ters and monitors. For end user markets, this 
form of software can dispense with all but 
the user oriented manuals in most purchases, 
since modification is impossible. 


Magnetic Digital Media Releases 


As more and more floppy disk products, 
large and small, come to market, the use of 
the magnetic diskettes for software releases 
is becoming common. Similarly, the Philips 
and 3M digital tape media with standard 
digital recording techniques can be con- 
sidered as vehicles for release of machine 
readable data. However, the price of the 
media and the costs of digitally recording 
and verifying each copy tend to make this 
method of delivery limited. It is used, quite 
naturally, as the vehicle for delivery of 
floppy disk operating systems from the 
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and programming to 
help you get more from your 
system, whether you're 
an expert or a novice 
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manufacturers of drive interfaces, but there 
\ the writing and testing of а diskette full of 
data falls out of the expected quality as- 
surance tests prior to packing and delivery. 
The same is true for the other forms of 
hardware which have related operating sys- 
tem software products that can be recorded, 


Paper Tape 


This venerable medium has been in exis- 
tence longer than the modern electronic 
computer. No survey of distribution media 
would be complete without mention of it. 
Very reliable means exist for reading paper 
tapes into computers at quite economical 
prices, well under $100 for the peripheral, 
As a distribution medium, however, paper 
tape in my opinion suffers from several 
disadvantages: It is inconvenient to store, 
bulky, prone to create a messy tangle due to 
manual handling with inexpensive peri- 
pherals. Whether my opinion is supported in 
the marketplace is another question alto- 
gether, 


Audio Media Releases 


One of the most useful and practical 
vehicles for the distribution of software is 
likely to be the use of audio recording 
media. Here we can identify two principal 
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methods of distribution; recording on tape E N 4 i 
cassettes or other magnetic tape audio me- | N 4 | 
dia, and recording on the audio equivalent of C 
a read only memary, the phonograph record. 
The technology of recording on tape 
results in a product with a fairly high unit „but you don't need 
cost for each copy of the information. To 
this must be added the cost factors assoc- to design your own 
iated with normal printing of the rest of the " 
documentation. Cassettes, as a recording because Our systems 
method, are a logical choice for custom soft- 
ware, or small volume situations, but the are coming this Fall: 
high degree of manual labor associated with 
each copy argues against the practicality of \ a ais a 
large production runs in thís form. | | Г a’ oll Г ғ Гө] | a Y ej 
The technology of making phonograph gu yu | | | VEM LU 19 v 
х : - - | - * we 
records is, on the other hand, a well estab- ч 
lished mass production technique which can таа LN — Б. „ AN 
be adapted to the software distribution al i 5€ | | ^i Ё [ ofl] N e| el g 
without much variation from | standard Us 1% ) ъъ * y v Vw v 1 
methods. To illustrate the point and to test 4 
the concept, | made a test in the spring of bay es imac S. u^ 
1976 at the suggestion of David Fylstra, an | { \ [] || Ё | ale | | n Up 
associate of mine who is also a homebrew Se Sees |\ КААК 
record maker. He arranged for the cutting of = 
a test record with the audio format of my “Trs Hee Сю Benign Harini, М! 
personal monitor program, circa March p | 
1976, to test out this method using a master | 4 % | 
record cut on standard recording industry \ y Y 
equipment. Depending upon size and quan- < p" че > 
анг ҸӰ "Zu m a N 
4 > p? N tity of pressing, the costs per record run well 
Pt N 4 m | \ under $1, which is hard to meet with the 
| De h d » 4 cassette duplication method, 
Dr o А 
PAM diss Machine Readable Printed Media 
| Гө Y.Y r ч TN b. P | ) As а final option, there is the use of 
| : b € NN J 8 8i ai | machine readable printed formats for object 
a [> I9 | vi | | BL » БЕ | code and relocation information in the 
ia 6 МЕ X: w. = | -* à 
Tem a / release of software products. This is a form 
f Wh " Ф which was suggested to us at BYTE by 
Td Д | 3 Walter Banks of the University of Waterloo, 
| ы A? P and with which we have been experimenting 
е 7 | in the pages of BYTE. In this method, an 
that { on ie and | optical reader is used to scan printed mate- 
are by ar е rials which have been formatted into а series 
most lete in the world of bars corresponding to the digital informa- 
comp $ tion. Because of constraints in the design of 
y the layout and the method of scanning, it is 
You'd want illustrated, possible to simplify the scanner designs to 
step-by-step instructions the point where a very inexpensive peri- 
| pheral is used together with some adaptive 
and а “е won't let you | software which takes care of the speed 
| tolerant input scan. The beauty of this 
fail” pled | method is that it "comes for free" in so far 
ge. as actual production costs are concerned. 
Why is this true? The reason is that the 200 
—— to 300 pages of documentation needed to 
/ N z support a systems software product with 
х 4 ` y perhaps 12 K bytes of object code require 
= e ча —— only an additional five to seven pages of 
71 Circle 151 on inquiry card. 


Articles Policy 


BYTE is continually seek- 
ing quality manuscripts writ- 
ten by individuals who are 
applying personal systems, or 
who have knowledge which 
will prove useful to our 
readers. Manuscripts should 
have double spaced type 
written texts with wide mar- 
gins. Numbering sequences 
should be maintained sepa- 
rately for figures, tables, 
Photos and listings. Figures 
and tables should be provided 
on separate sheets of paper. 
Photos of technical subjects 
should be taken with uniform 
lighting, sharp focus and 
should be supplied in the form 
of clear glossy black and white 
or color prints (if you do not 
have access to quality photog- 
raphy, items to be photo- 
graphed can be shipped to us 
in many cases) Computer 
listings should be supplied 
using the darkest ribbons pos 
sible on new (not recycled) 
blank white computer forms 
or bond paper. Where possible, 
we would like authors to sup- 
ply a short statement about 
their background and experi- 
ence, 

Articles which are accepted 
are typically acknowledged 
with a binder check 4 to 8 
weeks after receipt. Honorar 
iums for articles are based 
upon the technical quality and 
suitability for BYTE’s reader- 
ship and are typically $25 to 
$50 per typeset magazine 
page. We recommend that 
authors record their name and 
address information redun- 
dantly on materials submitted, 
nnd that à return envelope 
with postage be supplied in 
the event the article is not 
accepted. u 


machine readable bar code copy, hardly 
affecting the economics of the book at all. 
These 200 to 300 pages of documentation 
are required by the product concept, 
whether or not there is any other form of 
machine readable code made available. 


Economics of Publishing 


With media established, and a product 
concept outlined, what about addressing the 
problem of rewarding the producers of 
software products? Here, as in any area of 
publishing, the answer is quite simple. The 
publishing house judges whether the par- 
ticular software package is in its view a 
readily marketable product with a certain 
minimum press run potential, If so, the 
publisher puts up production capital, where 
the author puts up intellectual capital in the 
form of his or her work. It is a risk situation 
in which both parties are making a specula- 
tion that readers will purchase the product; 
as in numerous parallel situations through- 
out industry, authors and publishers work 
on an agreed upon split of any rewards from 
success in the marketplace. 

Applied to the software publishing var- 
jant of this business, the author's intellectual 
capital is in the form of the program, its 
source code, its object code, and its docu- 
mentation; the publisher's contribution is 
the marketing organization, the technical 
editing of the manuscripts, and the technical 
details of book preparation. Other than the 
specialized content, the method of operation 
and the details of the arrangement are not 
much different from publishing any item. 
Rewards to authors now become a small 


amount (in absolute terms) of royalty re- 
covered from orders of magnitude in sales 
for successful software book products. 


Proprietary Products 


The problem of protecting and keeping 
software proprietary is no longer a major 
"new" issue when publishing of software is 
contemplated. How many people extensively 
copy from books? Very few, and if they 
attempt to make a regular practice of it they 
would tend to be prosecuted by publishers 
under copyright law. In publishing software, 
an implicit or explicit license to copy the 
copyrighted materials for personal use and 
modification is part of the bargain; the price 
is low enough so that if you want your own 
user documentation, you buy your own 
copy of the book (even if you may have 
been using object cade derived from your 
neighbor’s computer). Since the  docu- 
mentation is a necessary component of use, 
no sales tend to be lost in the long run due 
to the fact that object code can be swapped 
around. 


Conclusions 


What | have endeavored to show is that 
there is quite some potential for the sale and 
distribution of software using conventional 
publishing techniques with modifications to 
suit this type of product. By publishing 
software along with machine readable code, 
we end up with a way to make the products 
widely available, yet retain the desirability 
of compensating authors for their efforts in 
proportion to the success of the product. uw 


MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL 


the Cl-812 


The Only S-100 Interface 
You May Ever Need 


On one card, you get dependable "KC. 
standard" /biphase encoded cassette inter- 


facing at 30, 60, 120, or 240 bytes per 
second, and full-duplex RS-232 data ex- 
change at 300- to 9600-baud. Kit, includ- 
ing instruction manual, only $89.95*. 


PERCOM DATA COMPANY, INC. 
402) WINDSOR « GARLAND, TEXAS 75042 


* Assembled and tested, 
$119.95. Add 596 for 
shipping. Texas resi- 
dents add 596 sales tax. 
BAC/MC available. 
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PerCom 


"peripherals for personal computing 


it OS, с 


ORDER FORM [Write in each box the quantity of each part required] 
кт ASSEMBLED KIT ASSEMBLED KIT ASSEMBLED 
_|акном | | [ ]wwc [ |] L-.jessxr4[ |] | 
= sksc-z [ ] [ ]JsesexrT [ ] [ leswwc [ |] 
[ ]esksc [ 1] [ ]esxrs[ |] [ ввос [ ] i 
[ Jswsc LC] 
[| | ASSEMBLY AND OPERATING MANUAL $4.00 | 


МАМЕ —ÓÀÀ =————==++——————= 
PLEASE PRINT OR TYPE 
ЭЛМЕН eee 
a EE) CITY STATE LL Р. 


SEND CHECK = MONEY ORDER • COD'S ACCEPTED • CREDIT CARDS 


SEALS ELECTRONICS, INC шшш ШИИНИН 
Р.О. ВОХ 11651 ти sree 
ТТ KNOXVILLE, TN 37919 ~ \ Soc 


MOST ORDERS SHIPPED WITHIN 10 WORKING DAYS wae,” LLL LI СЛН ИИ И] 
me ee ON M Шш 


[READ ONLY MEMORY] 


W Will accept up to 16 ea. 1702-A or 5203 EProm Providing up to 4096 
words of non-volatile memory for Boot Loads to Complete Programs. 

8 Programming Available at Factory for $3.00 per EProm when accom- 
panied by binary formated tape. 

@ Each 1702-A has its own Vgg clocked for Low Power Consumption. 

@ Will work with the weakest power supply based S-100 buss computer. 

@ Switched Selected Address in 4K Blacks. 

BB Switch selected wait states so that even the slowest 1702-A can work 
in your system. 0-8 wait states. 

@ Solder Masked on both sides of PC Board. 

@ Component Screened on Component Side of PC Board. 


Kit Price: .. $119.00 Assembled Price: . . .$179.00 


[STATIC MEMORY CARD FOR SWTPC 6800] 


@ 8192 Words of Static Memory 

w Access Time: 500 nsec. (250 nsec on request) 
m Memory Chip 911.02 APC 

@ Battery Standby 

W Address Selected 8 Ea. SPST Dip Switch 

m Low Power 

Ww All Lines Buffered, 

m All IC's with sockets 

@ Solder Masked on both sides of PC Board. 


Kit Price: .. $269.00 Assembied Price: . . .$359.00 


[STATIC MEMORY CARD] 


Ш ALTAIR@IMSAT™ and S-100 buss compatible. 

WM Access Time: 250 nsec max. 

ЮЕ Zilog Speed Compatible up to 4 mhz. 

Bi Memory Chip: 2102LHPC or 2102AL-2 

Ш Battery Standby: »1.5 to 4 volts« 

m Address Select: 8 еа, Spst. Dip Switch. 

@ Wait States: None 

W Current Reg.: Less than 200 ma per 1K 

@ All Address, Control, and Data out lines fully buffered. 
W All IC's supplied with IC Sockets 

E Solder Masked on Both Front and Back of P.C. Board. 


Kit Price: .. $295.00 Assembled Price: , . .$395.00 


OTHER SEALS ELECTRONIC PARTS AVAILABLE 


Item No. Description Kit Price Assembled Price 
BKSC 8K Static Mamory Card 500 nsec $269.00 $369.00 
WWC Wire Wrap Card $ 37.50 $ 47.50 
B8 EXT BB Extender Card $ 29.00 $ 38.00 & 
68 ExtS Extender Card (Small) wire co сонаи $ 19.00 $ 25.00 100 100 


68 Ext-L Extender Card (Large) wire sco ‘aes $ 29.00 $ 39.00 
6B WWC Wire Wrap Card «n so comoavon rons $ 35.00 $ 45.00 ELECTRONICS INC 
BBUC Battery Back-Up Card $ 55.00 $ 68.00 Г] E 


ORDER DELIVERY: FROM STOCK TO 10 DAYS Eros WERE 
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More on Using the 8x300 


Jon Twichelt 
303-D Eagle Hts 
Madison WI 53705 


A short note concerning your note in the 
March 1977 issue of BYTE (page 100) on 
the Signetics 8X300. This processor was 
designed and sold as the SMS 300 (Scientific 
Micro Systems, 520 Clyde Av, Mountain 
View CA 94043). | used SMS's development 
system in a scientific data acquisition sys- 
tem. Two years ago it was the fastest thing 
on the market. | was building a two dimen- 
sional multichannel analyzer out of a 
Modcomp 11, and used the microcontroller 
for the address mapping and handshaking, 
Pure blinding speed was our object, subject 
to the constraint of programmability, The 
observation is that this is the same criterion 
for a microprocessor used for emulation. 

True, the 8X300 is fast, but by today's 
standards, not thal fast. |t is rumored that 


Re VECTOR 1 fx 
eset „па VO 


PROM/RAM 


SMS is working on an ECL version... . 
Anyway, if one examines the architecture of 
the 8X300, one finds two chokes, both 
fixable. The first is that the microcode is 
quite vertical, as one would expect with a 16 
bit instruction. One can effectively double 
the speed of the system by simply extending 
the microcode width by eight bits. Make 
your program memory 24 bits wide; use 16 
in the normal fashion. The extra eight are 
used as the address in working storage or IO 
space. The 8X300 must use ah instruction to 
load the "memory address register" (IVR 
REG) and then another instruction to fetch 
the word at that address; by selectíng an 
address for each instruction (the extra eight 
bits), most programs halve in size, and 
double in speed. 

The second choke is the time multiplexed 
IO bus. | seriously suggest the user extend 
the microcode and stay away from those 


Continued on page 110 


PROM: Space for 2K bytes, 1702A. Store 
bootstrap loaders and monitors. 

RAM: 1K bytes, 2102LIPC, 450 ns, low 
power. NO NEED TO RELOCATE STACK 
WHEN ADDING MEMORY. 

CIRCUITRY: Replaces memory write logic 
on ALTAIR™ and Imsai front panels. 
REGULATORS: Two regulators. No need for 
regulated power supply. 


JUMP-ON-RESET: PROM program execu- 


tion starts at any location in memory without 
interfering with programs in any other por- 
tion of memory. 


$-100 BUS; +8 and -16 VDC; P/C BOARD 
SOLDER MASKED BOTH SIDES WITH 


PLATED THROUGH HOLES; ALL SOCKETS 
INCLUDED, 


OPTIONAL FIRMWARE: 512 byte monitor 
for use with Tarbell tape interface on 2, 


1702A PROMs, 

PROM/RAM KIT WITHOUT PROMS 
+ OPTION A- SIODRev. 10r3P + S 
+ OPTION B - 2 SIO (MITS) 

+ OPTION C - SIO 2 (IMSAI) 


+ OPTION D - Poly Video Interface 
(Includes Video Driver) 


$ 89 
$129 
$129 
$129 
$159 


BOARD 


California residents please add 6% tax. 


IMMEDIATE DELIVERY FROM FACTORY 
OR YOUR LOCAL COMPUTER STORE 


СОЗ C3APHC ІПС. 


717 LAKEFIELD ROAD, SUITE F а WESTLAKE VILLAGE, СА 91361 « (805) 497-0733 


from 


VECTOR C3APHC 
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Deal 
Yourself in... 


tic City, N.J. 
ust 27th-28th 


What its all about! 


Software Development 
Micro Computers 
Hardware Development 
Disc Memories 
Computer Comparisons 
Interfacing 

Program Implementation 
AMSAT 

Computerized Music 
Video Terminals 

Kit Construction 
Printers 

Computer Games 
Digital Tapes 


e Seminars and Technical talks by leading electronic equipment manufacturers 
* Major Exhibits from all over the country 

e Demonstrations in many areas including Home and Personal Computing 

e Door Prizes, Free Literature and Free Mementos 

e All this plus Sun and Surf - Fun and Excitement - Relaxation and Leisure 


SPECIAL GROUP RATES FOR CLUBS AND CONTACT Seven Seas Travel 
Person al ORGANIZATIONS TRAVELING FROM THE WEST Dawn Corrigan 17220 S. Norwalk Blvd. 
COAST AND MID-AMERICA. (213) 924-8383 Cerritos, CA. 90701 


Computing Write for FREE TRIP-KIT to PERSONAL COMPUTING 77, 
Rt 1, Box 242, Mays Landing, New Jersey 08330 


77 Consumer Trade Fair 


EXHIBITION BOOTHS STILL AVAILABLE - CALL (609) 653-1188 


Photo 1; The Teleterminal 
Reader 


Corporation Fly 
for use with the KIM-7 
microprocessor. 


Come Fly With KIM 


Many computer hobbyists start with 
nothing more than a processor, a small 
amount of programmable memory, a small 
onboard monitor such as MIKBUG or KIM 
and some front panel switches, Those with 
more foresight, or cash, will have a keypad 
or even a full keyboard for data entry and 
processor control. But even with a good 
monitor and a full keyboard and display, 
loading programs is a tedious chore at best, 
and there is an awful feeling when you turn 
off power, knowing that Lwenty minutes of 
typing just evaporated. 

The next step in expanding the system i5 
usually an audio cassette interface or a 
Teletype with paper tape reader and punch 
for the wealthy or fortunate. Now the 
tedious retyping is eliminated and a pro- 
gram, once written and recorded or 
punched, can be reloaded in a matter of 
minutes. 

Many people stop at this point, When 
hand assembly of programs is required, a 
program of more than a few hundred bytes 
is rarely attempted. But as the software gap 
is slowly filled, more and more systems are 
being implemented with assemblers or 
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(Д /corroranion 


Rick Simpson 

MOS Technology Inc 

Маву Forge Corporate Center 
950 Rittenhouse Rd 
Norristown PA 19401 


BASIC interpreters, More memory is pur- 
chased to expand programmable memory 
from a few hundred bytes to 4 K, 8 K, or 
more. {One firm now even markets a 64 K 
board!... СН] Once again your memory 
has outrun your ability to fill it in a 
reasonable time. 

For instance, using the Teletype paper 
lape reader or audio cassette interface on the 
KIM system, a 2 K Tiny BASIC interpreter 
takes almost ten minutes to load. A 12K 
BASIC source program would take an hour. 
Even a 30 character per second interface 
only cuts this to twenty minutes. The 
alternatives seem to be a Tarbell or Suding 
type high speed cassette system, a 3M drive 
at 9600 bps or a floppy disk. 

The floppy disk certainly solves the speed 
problem. We can now load 12K in a few 
seconds, but at a cost of $1,000 to $2,000. 
The high speed cassette is reasonable in cost, 
about $200 including the high quality cas- 
sette unit required, but tricky to interface 
unless a manufacturer-supplied board or kit 
is available. 

Although some magnetic tape units have 
start, stop, and search functions under pro- 


gram control, most users end up pushing the 
buttons, No habbyist magnetic tape cassetle 
unit can read a few (ie: one line or so) 
characters, stop and process the dala, and 
then start and read some more, a real need 
when running an assembler with the source 
stored on the tape in a limited resource 
system, 

After this lengthy preamble, you may 
have suspected Ihat | have an alternative 
solution in mind, and | do: a high speed 
paper lape reader, manufactured by the 
Teleterminal Corporation, called the Fly 
Reader, shown in photo 1, Although a bit 
more expensive than the high speed cassette 
system (about $350), tL is far faster; reading 
at 300 characters per second, it can load my 
Tiny BASIC in twenty seconds, or fill thal 
12 К af memory in two minutes. 11 is easy 
to interface, requires little software, and is 
extremely reliable. It needs only a single 
+5 У, 2A power supply and is operated 
completely under program control, You can 
read as little as a single character ài a time 
and can read in either direction; try that on 
your cassette! 

Paper tape has always been the standard 
mass storage device for minicomputers, until 
floppy disks came along, and paper tape has 
been the mast universal and inexpensive 
method of software distribution and inter- 
change in the minicomputer field. 

The basic problem is that it is only a 
reader; how do you punch the tape? There 
are several answers; Flexowriters and other 
similar low speed punches are becoming 
available, as are gobs of older 7 level ma- 
chines. ['ve also seen higher speed punches, 
Lypically 60 characters per second, adver- 
tised for under $100. The fact that the 
punch 15 slow is not so important; lypically 
you punch a lape once and read il many 


Figure 1: Block diagram of PAPER 6——-—9 


the Fly Reader. The input 
is achieved through an 
incandescent lamp and a 
photodetector array. The 
tape is advanced by а step- 
ping motor allowing Input 
of data either forwards or 
backwards. The reader 
open sense switch is closed 
when the paper tape is in 
the reader. 


TOOTHHE AD 
WHEEL 


READER OPEN 
SENSE SWITCH 3 


PHOTODETECTOR 


SPROCKET DRIVE 


times. Even if you have no punch, the reader 
is a useful peripheral because much software 
is available already punched. 


How it Works 


The Fly Reader can read at such a high 
speed because iL transfers 8 bits in parallel 
and contains only a single moving part: a 
stepping motor connected to a toothed 
whecl which engages the sprocket holes in 
the paper Lape. Sensing of the holes in the 
tape is done by photodetectors rather than 
the mechanical fingers used in a low speed 
reader, This is a method similar to that used 
in the manual reader sold by Oliver Audio, 
Figure | shows a block diagram of the unit, 

There are five control lines for the unit. 
All are compatible with standard TTL cir- 
cuitry. The "load staius" line is a logic Т, 
+5 V, if the reader is not ready because the 
feed gate is nol closed, When tape is inserted 
and ihe gate is closed, this signal goes to 
logic zero. 

In operation, the reader must be checked 
by software 1o see if the "reader ready” 
signal is at logic 1 to indicate that the reader 
is ready to read another tape character. The 
software must Шеп issue a pulse from (оріс 1 
to logic 0 whose width is between 500 ns 
and 500 us. This READ pulse will start the 
reader and drive the reader ready line to 
logic 0, The software then watches the “data 
strobe" line, When data strobe goes to logic 
1, the data can be read from the eight 
parallel output lines. If the program needs to 
read another character from tape, it must 
wail tintil reader ready goes back to logic 
i, issue another read pulse, and wait far 
anoiher dala strobe. Figure 2 shows the 
flowchart for such software and figure 3 
shows the interface timing diagrams. 


LAMP 


САТА STROBE 


STEPPING 
MOTOR 


CONTROL 
LOGIC 
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LOAD STATUS LINE 
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AMPLIFIER ATIL 
AND SIGNAL OUTPUT 
CONDITIONING LINES 


READER READY (PBS) 


(TO РЕ! OF KIM-1) 


Figure 2: Flowchart of the 
software for reading the 
paper tape with the Fly 
Reader. 
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READ (FBO) 
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LOAD 
STATUS 20те RISE AND FALL TIMES 


SIGN LOAD READ FORWARD, REVERSE TAPE 
2 CHARACTERS DIRECTION REAP REVERSE, 5 CHARACTERS 


READER 
READY 


READ 
COMMAND 


FORWARD 
REVERSE 


SPROCKET INTERNAL 


DATA 
OUTPUTS 


Figure 3: Timing diagram generated by the softwure of listing f, The 
minimum width of the data strobe is 50 us except when forced low by u new 
reed command, The crossed out sections in ihe data true section indicate that 
the state of the output is unknown, A read command is issued only when the 
reader ready fine is high. 


inlo two ports, Each port has a data direc- 
lion register and a data register. Writing a 1 
to a bit or bits in the data direction register 
configures thc corresponding [O lines for 
oulput, writing a 0 sets them for input. For 


Other Intartace Possibilities 
{An Advartisament .. .} 


The interface described 
bere uses most of the avail- 
able 10 lines on the KIM-1, 
Systems supporting several 1O 
devices may wish to interface 
the Fly Reader through a 
separate interface chip. The 
MC86532 is one such interface 
chip for adding more IO ta 
KIM-1 as well as an additional 
128 bytes of programmable 
memory and another interval 
timer, Two of these chips 
{with ROMs} are already built 
inta each KIM. Since the 6532 
is a MOS rather than TTL 
device it does not load the 
KIM-1 address or data buses 
significantly. The MCS6532 is 
available for $16 postpaid 
fram Mational Electro-Sales, 
T2063 W Jefferson, Culver 
City CA 90230, 


Interfacing to Kim 


As described above, the Fly Reader inter- 
face requires eight parallel input lines, three 
input contrel lines and one or two output 
control lines. Two oulpul control lines are 
needed if the forward, reverse function is 
used; otherwise only one control line is 
needed. Since KIM-| has 15 bidirectional 
IO lines the interface is very simple. The 
A data port lines РАО to PA? are pro- 
grammed as input lines and connected 1o 
the parallel output lines from the Fly 
Reader. PBS is connected (o the reader 
ready line, PBI is connected Lo the load stalus 
line, PBO is connected to the read command 
line and programmed as an output line, and 
PB4 is connected lo the data strobe line. A 
5 V, 2A power supply is connected to the 
reader and Lhe interface is complete. When 
wiring the power connectors, you should 
make sure that separate power and ground 
wires are run back Lo the power supply for 
both the motor and logic connections. This 
will insure that current surges to ihe molor 
during stepping operations do nol feed noise 
pulses into the control logic. 


Interface Details 
The fifteen KIM-} IO lines are divided 
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instance, writing a hexadecimal 02 to the A 
data direction register configures the PAO 
line for input, PAi for output, and PA2 
through PA? as input lines, Similarly, 
writing hexadecimal FO to the B data direc- 
tion register configures PBO through PB3 as 
input lines and PB4, PBS and PB7 as output 
lines, Note that there is no РВб, and РВ? has 
no output pullup; it is essentially an open 
collector output. Reading the A or B data 
register will show whether the signal al each 
input line is 1 or O and will show whether a 
0 or ! was previously written to any lines 
configured as outputs. Writing Lo a data 
register will set the appropriate output lines 
to | or O and does not affect lines pro- 
grammed as inpuis, Hexadecimal address 
location. 1700 is the A port dala direction 
register, hexadecimal 1702 is the B dala 
direction register, hexadecimal 1701 is the A 
data register, and hexadecimal 1703 is the B 
data register. 


The KIM Paper Tape Format 


The soflware to drive the reader uses the 
same paper lape format as thal used in the 
KIM-1 Q (paper tape dump) and L (paper 
tape load) commands. Thus any paper tape 
punched on a low speed punch by KIM-I 
can be read by the Fly Reader. The KIM-1 
paper tape format ignores any characters 


Fantastic Software 


This LIBRARY is a complete do it yourself kit. Knowledge of programming not required. EASY to read and USE 


Written in compatible BASIC immediately executable in ANY VOLUME I 
computer with at least 4K, NO other peripherals needed. Bookkeeping 
Games 
Pictüfeg 5 em ell oe alam RRA 
This Library is the most comprehensive work of its kind to date. 
There are other software books on the market but they are VOLUME tH 
dedicated to computer games, The intention of this work is to allow Math & Engineering 


the average individual the capability to easily perform useful and - 
productive tasks with a computer. All of the programs contained Plotting & Stat 

within this Library have been thoroughly tested and executed on Basic Statement Def... 824.95 
several systems. Included with each program is a description of the 

program, a list of potential users, instructions for execution and 


voivws Ў possible limitations that may arise when running it on various VOLUME III 
wenn E systems. Listed in the limitation section is the amount of memory Advanced Business 
aH de | that is required to store and execute the program. Billing 
Inventory 
Pavol) v.e ЕЕ $39.95 


б p VOLUME IV 

eneral Purpose 

Each program's source code is listed in full detail. These source code LIBR ү розе,.......... $9.95 
listings are not reduced in size but are shown full size for increased ae 

readability. Almost every program is self instructing and prompts E s 4 VOLUME V 

the user with all required running data. Immediately following the T А 


source code listing for most of the programs is a sample executed Experimenter..,......,.... $9.95 


run of the program. 


BASIC 
SOFTWARE 


ыд fea LIBRARY The entire Library is 1100 pages long, chocked full of program 
| үүт?” source code, instructions, conversions, memory requirements, 
|| m) examples and much more, ALL are written in compatible BASIC 

i executable in 4K MITS, SPHERE, IMS, SWTPC, PDP, etc. BASIC 
compilers available for 8080 & 6800 under $10 elsewhere. 


This Library is destined to become one of the reference bibles for BASIC FA \ 
the small computer field, due to its versatility and uniqueness and so ГУАЙ 


the ease of operation of the programs it contains. These volumes аге E 
deductible as a business expense when purchased by a company. LIBRARY 
Send your remittance for prompt delivery, while supplies last. . S 
Volume discounts are available to qualified dealers. ~ cas tien iin, 


~ = 
> 


FUTURE ADDITION TO THE "BASIC SOFTWARE LIBRARY” 


Volume МІ (A Complete Business System 549.95) General Ledger System Taxes, Pyil, 
W-2’s, Inventory, Depr., Financial Statements, etc, AVAILABLE MID SUMMER 


Available at most computer stores. 
Add $1.50 per volume for postage and handling. 


SCIENTIFIC RESEARCH 


1712-B FARMINGTON COURT 
CROFTON MD 21114 


Phone Orders call (800) 638-9194 
Information and Maryland Residents Call (301) 721 1148 


Circle 282 on inquiry card, 


hexadecimal 


address coda 
1c4F 

4000 DE 

4001 20 57 40 
4004 20 БЕ 40 
4007 C8 38 
4009 00 FO 
4008 AS OD 
4000 85 F7 
400F B5 РБ 
4011 20 BH 40 
4014 AA 


4028 ВА 

4029 FO OF 
4028 20 88 40 
402E 91 FA 
4030 20 91 1F 
4033 20 63 1F 
4036 СА 

4037 DO F2 
4039 ЕВ 

403A 20 BB 40 
403D CS FG 
403F BO 12 
4041 20 BB 40 
4044 Ch F7 
4046 DO nB 
4048 BA 

4048 DC BD 
404B A2 0C 
4040 20 31 1E 
4050 4С АР 1С 
4053 А2 11 
4055 DO F6 
4057 AQ 01 
4058 8D Оз 17 
405C 80 Q2 17 
405F AD 02 17 
4062 29 02 
4064 ОО 08 
4066 A8 5a 
4068 20 AO 1E 
406B 4C 57 4D 
406F 60 

406F AD 02 17 
4072 29 20 
4074 FO F9 
4076 A9 00 
4078 BD 02 17 
4078 A9 01 
4070 8D 02 17 
4080 AD 02 17 
4063 29 10 
40B5 FQ F9 
4087 AD OD 17 
408A 60 

408B 20 GF 40 
408E 20 AC IF 
4091 20 6F 40 
4094 20 AC IF 
4097 AS FB 
4089 БО 

4094 20 57 40 
4090 20 GF 40 
4040 4C 9D 40 


tabal 
START 
PTRLD 
LOAD 


LOADS 


LOAD2 


LOAD3 


LOAD? 
LOADS 


LOADER 
PTRINI 


OK 
GETPTR 


CHECK 


PTREYT 


MAIN 
LOOP 


operand 


PTRINI 
GETPTR 


$1EAO 


GETPTR 
SIFAC 
GETPTR 
$1FAC 
$F8 


PTRINI 
GETPTR 
LOOP 


commentary 


S1C4F 

clear decimal mode; 
go to PTRINI; 

go to GETPTR; 


if A not equal to 3B go to LOAD; 
else А:=00; 
store checksum; 


go to РТИНҮТ; [get byte count] 
Misa: 
compute checksum: 
get high address; 
stare high address pointer; 
compute checksum; 
get low address pointer; 
stare low addrass pointer: 
compute checksum; 
AXI 
if 4:=0 go to LOAD; 
get data; 
store data; 
compute checksum; 
get next address: 

:=0—1; 
go ta LOAD; 
23X41; 
get data; 
compare high order checksuin; 
if different go to LOADER; 
else get datz; 
compare checksum; 
if differant go ta LOADER; 
else À;-X; 
if A nat equal to © ge to LOAD; 
else X:7 location of 'KIM'; 
Output massage; 
go to START: 
X:zlacatian of "ERR КІМ"; 
go to LOADS; 
[initialization routine)! 
A:-B port address; 
read flag:=1; 
A=B register, 
determine PB1; 
if reader raady go to OK; 
alsa А:= 'X'; 
output 'X'; 
go to PTRINI; 
return; 
[subroutine to input one character | 
get bit fram B data register: 
if not ready go to GETPTR; 


| else output read pulse; 


| turn off read pulse: 


! gat hit B fram B data register; 


if character not ready go tn CHECK: 


else gat charactar; 
return; 

gat character; 
Rack charackar; 
get another character, 
pack character; 
A:72 characters; 
return; 

go to PTRINE: 

go to GETPTR; 
go to LOOP; 


CROSS REFERENCE TABLE 


Symbol Valua Referenced 

CHECK 4080 4085 

GETPTH 406F 4004 4074 4068 4091 4090 
LOAD 4004 4009 4049 

LOADER 4053  403F 4046 

LOADS 4008 + 

LOADZ 4028 4037 

LOAD3 403A 4029 

LOAD? 404B  **** 

LOADB  404D 4055 

LOOP 4090  40AD 

MAIN 4094  **** 

OK 406E 4064 

PTABYT 4086 4011 4078 4020 4028 403A 4041 
PTRINI 4057 4001 4068 409A 

PTRLO 4001 =". 

START 3C4F 4050 


Listing 1: The basic software needed to run the Fly Reader with the KiM-? 
The software uses the КЇМ-# monitor routines and sub- 
stitutes the GETCH and GETBYT routines with routines GETPTR and 
PTRBYT. The new subroutine PTRINI properly configures the IO lines used 


microprocessor, 


with the reader. Subroutine PTRINI will output an endless number of 'X 


r 


characters until the tape is loaded into the reader, The listing was set prepared 
from a cross-assembly provided by the author. A symbol table shawing the 
values of the symbols used and where they are referenced follows the 
assembly and will prave useful when it is necessary to relocate a program at а 
different starting address, 
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read until a semicolon is found; the next Iwo 
characters give the hexadecimal number of 
bytes on the current line to be punched, 
This is followed by four characters, two 
bytes, giving the high order and low order 
bytes of the starting address for the data ta 
follow. This is followed by the data which 
KIM-1 software always punches 24 bytes per 
line, a 2 character checksum for the line, and 
a carriage return, The carriage return is 
followed by six null characters, and a semi- 
colon starts the next line, The last line 
punched contains O for the number of 
bytes, O for the address bytes and is fol- 
lowed by a four character checksum. When 
finished reading a paper tape, KIM-1 types 
‘ERR KIM" if the checksum does not com- 
pute (there has been an error in reading 
the tape), or just ‘KIM’ if the tape was read 
correctly. 

The software cansists of a copy of the 
KIM-] monitor routine for reading paper 
tape modified by removing all calls ta the 
GETCH and GETBYT routines and substi- 
tuting two new routines, GETPTR and 
PTRBYT. A new subroutine, PTRINI is 
called al the beginning of the maintine 
program to properly configure the 10 lines 
and check that the read head on the Fly 
Reader is closed. If it is not, KIM-1 will type 
out the character 'X' endlessly until Ше read 
head is closed, The software shown in 
listing 1 occupies 154 bytes starting at hexa- 
decimal location 4000. 

The Fly Reader is an excellent way to 
add a high speed paper tape reader to a 
microprocessor system. [t is easy to interface 
and requires only a single *5 V supply. Asa 
fasi paper tape device it 15 considerably 
faster than an audio tape cassette system and 
offers increased flexibility of operation, m 


Beyond state-of-the-art 
capabilities, hand- 
somely housed in a fine 
piece of functional 
furniture. 


Noval Incorporated 
proudly introduces the 
finest personal computer 
ever offered, the NOVAL 
760 COMPUTER. This 
fully computational, 
self-contained hardware 
and software package 
offers limitless expansion 
capabilities. NOVAL's 
extensive and expanding 
library of programs pre- 
sents exclusive oppor- 
tunities for educational 
applications, practical 
implementations and a 
world of fun. And you can 
develop low-cost end 
user products never 
before available at the 
small board level. 

The NOVAL 760 
COMPUTER, in its hand- 
some desk setting will 
take you wherever your 
imagination wants to go. 


The Ultimate in 
Home Computers 


$2995 includes a 
fully-assembled, fully-tested 
personal computer with: 

e Handsome wood desk, 
designed to complement 
any decor 

e Crisp black and white 12” 
professional display monitor 

e Full, easy-to-use Alpha- 
Numeric Keyboard 

e Printer 

e Extensive graphic capability 

e Fully remote-control, pro- 
fessional mag tape system 

e 8080 Microprocessor 
System 

16K RAM 
3K PROM 

e Display control, with 
additional 

1K Refresh RAM 

2K Character generator 
RAM 

1K Scratch pad RAM 

e 8 built-in I/O ports 

e Power Supply 

e System Software on mag 
tape, with 


Interactive Editor/Assembler 


/О control for 
Printer 
Display (black & white 
or optional color) 
Mag Tape Unit 
Audio Tone Generator 
Keyboard 
Film Reader 
Paper Tape Header 
Graphics 
On-line debugging 
technique 
E-PROM burner 
Copy-verify 
ә Comprehensive and 
complete Operating Manual 
(also available separately) 


The NOVAL 760 COMPUTER 
Instant-Edit feature makes 
Assembly Language inter- 
active AS YOU WRITE IT! The 
computer corrects errors 
before they're entered. 

And Look at these Additional 
NOVAL Capabilities 
e System Software on PROM 
BASIC on Mag Tape 
BASIC on PROM 
Bright color display screen 


which converts for TV use 
Second display screen 

16K additional RAM 
E-PROM Burner 
Bus-extender 

Film reader 

Paper tape reader 

Dual hand-held keyboards 
for competitive game action 
and, for the first time on a 
home computer, 

e Basic Graphics! 

The NOVAL 760 COMPUTER 
Operating Manual 

This comprehensive, yet 
easy-to-understand, Noval 
Operator's Manual provides an 
exciting introduction to the 
capabilities and possibilities of 
microprocessor technology. In 
step-by-step, "how to" fashion, 
the intriguing inner-workings of 
the NOVAL 760 COMPUTER 
are revealed (included with 
your 760 Computer or avail- 
able separately for $20.00). 
Challenging Libraries 
Available Now 

Add the excitement of action- 
packed competition as your 
child learns the elements of 
math with Noval's extensive 
TELEMATH library. TELEMATH, 
a computer audio-video- 
graphic instructional system 
developed by Noval, presents 
challenging math problems to 
each of 2 players. The first 
player responding correctly 
moves one step closer to 
victory in this graphic game 
format. 

Our exclusive affiliation with 
Gremlin Industries, the leader 
in commercial computer 
videographic and wall games, 
offers you the opportunity to 
play some of the most sophis- 
ticated games ever developed 
at home! With the Gremlin 
library, your NOVAL 760 
COMPUTER becomes a home 
entertainment center. 

The expanding libraries of 
TELEMATH and Gremlin are 
available to all NOVAL 760 
COMPUTER owners 


The NOVAL 760 COMPUTER. 
A fully-assembled, fully 
tested personal computer... 
not a kit! 


If you can imagine it, you can achieve it with the NOVAL 760 COMPUTER. 


NOVAL INCORPORATED, 8401 Aero Drive, San Diego, California 92123 e 714/277-8700 


FOR SALE OH TRADE: issues 1, 2 and 3 nf 
BYTE for $10 ar exchange for May 1376 issue and 
$5. СРТ William T Pace, 543436 Seay 5r, Кат: Polk 
LA 71459, (3181 537-7198, 


FOR SALE: Camputors in Laboratory Medicine, | 
have several copies nf this book which are surplus 
ig a class requiterment. This excellent book is 
edited by Derek Enlander MD and is ane of the 
most up то date and forward looking works on the 
subject of computenvation in nuclear medicine, 
clinical pathology, anstamic pathology and diag. 
nostic data retrieval. The book was publighad by 
Асабатис Press in 1975-1976 and costs $14. David 
Johnson, 1473 Pine St, San Francisco CA 84108. 


FOR SALE. (BM 2311 compatible disk drive made 
hy Marshall, plus disk pack, 5425. Teletype ASA 33 
with auLg-answer modem, auto-dial, stand. Three 
MITS 4K dynamic hoards, operating. Signetics 
3000 Micraprocessor Designer's Kit. Make offer. 
Lenny Heath, Sob Turnage, 86 Village Grn, Greene 
ville NC 27B34. (919) 752-7813. 


FOR SALE: Two MITS 4MCD memories, one 
$4 К update kit, 1855 RAMS, All assembled, alt 
naniuncrional. First cashiers check far $145 takes 
wt al. КОК Tattow, 303 5 4th St, Hoektard IL 
61108. 


FOR SALE: Friden Flexowriter Model 2303 with 
pape: гаре punch reader, 7 level, types 100 wpm in 
upper and lower case, works good, racenily ser- 
viced, can be converted m ASCH, $150 plus 
shipping. J E Upchurch, РОВ 1987, Sebrang FL 
33870. {8131 385-2786. 


FOR SALE Он TRADE. One Cartrivision video 
lape recorder, tamera ard tapes, $650 cash or 
Altair, IMS.Al equivalent with memory. Doug 
Thuestan, POB 1104, Silsbee TX 77656. (713) 
245-3091. 


FOR SALE: Altair 8800 computer with 2 MITS 
4K Dynamic memory cards, SB-ACH cassette 
interface, BB-2510 senal board, BB-PIO parallel 
heard, 2 expander boards, 8 K BASIC on cassette. 
Not completely assembled. Original cast was over 
$1200. Wil sel Tor $750. Bob Maydanski, 
214 Cunlidge Av, Hasbrouck Heights NJ 07604, 
(201) 288-2742 after 7 PM. 


WANTED BYTE numbers 1, 2, 3, 8, 9 and 10. 
l will consider any offar, even partial anes. (One 
issue ау beper than попе.) Send your terms and 
arking price to me and FH get in touch with you, 
Tony Ato, 19 Old Ры La, Lake Success NY 
11020. 


FOR SALE: Sphere 340 system with 20 К pró- 
giammable memory plus 1@ К, memory board less 
memory chips, 1 К EPROM system monitor, full 
SIM board lone cassette and modèm), BO column 
line printer with (actor feed, dual Порру disk, 
9 (inch. CRT in console, large power supply, 4 К 
EPROM board (1702A), no EPROM шира, Soft- 
ware includes assembler, editor, IO handler, mem- 
ary test and disassemhlpr, Thus sysler 18 ideal for 
program davelapment. Working parfecthy, $6500. 
Wayne Smith, 227 5 Sta 51, Sat Lake City UT 
84111 (801) 383-4941 


FOR SALE OH SWAP: One Mohawk Data Systems 
1101 keyboard and tape unit. It's m good working 
condition with Тава of alecieanics and it woule 
even make a тиси desk! Will trade for Alrair 8200 
interface, memory, terminal or best offer of cash. 
Wiwe G Ryan, Am 1-15, ОН Campus Apts, 
Posdam NY 13676. 


FOR SALE. HP45, including a case, charger, 
manual, oragramming Farms, aver 100 magnetic 
cards with tested prerecorded programs, and 40 
blank magnetic cards (аг your new programs. Any 
of over 140 HP-65 Users’ Library programs avart- 
able for copying cost, Remember, the HP-B5 is 
faster than the HP-67; s6 ts better For problems 
where spege i5 needed. $300. Delmer O Hinrichs, 
2116 SE 377:h Av, Washougal WA SB571. 


FOR SALE. IMSAl 8080 with 22 card mother 
board, new in box, 3645. Also, will assemble and 
debug rr inr you far $120 extra, 5 Kim, 10190 
Vicksburg Dr, Cupertino CA 95014, [4081 
996-0537, after 7 PM. 


FOR SALE: Two PDP-12s (POP-8 and Linel; Four 
4K 12 bt memory units; three DF 32 disks, 
32000 words 16.7 us access time; two PC-12 high 
speed tape readers, 300 eps, nyo PC-12 high speed 
Тере punches, 50 cps; wo AFOI-AMOS analog 
converter systems; two IO bus conyeriers: two 
Teletype; Dual-M5 and 05-8 software and alot of 
Dacus software for ihe POP-8, BASIC, FORTRAN 
and В К assemblers. AU this for $5,600, "И sell ihe 
units as two or three РОР-125 separately ог 
lagether. Contaci Keith Elkin, Dianavagen 36, 115 
43 Stockholm SWEDEN 06/67 35 68. 


FOR SALE: Model 15 Page Punter — Baudor 
Teletype suitable to OSI, MITS 6806 computers, 
Excellent working condition, wilh currant source 
and box of paper, Also, Friden Auxiliary Punch = 
Baudot paper rape punch. Could be modified to 
ASCH) with additional parts, not supplisd. Prob- 
ably works, nor guaranteed, with stand and motor- 
ized tape take up spool, Make offers Tor either to 
G А Н Trollope, 433 Cherry Lo, Lewiston NY 
14092. 1716) 754-7222. 


FOR SALE: MEBOO cress assembler A two pass 
crass assembler written In FOATRAN IV is avail- 
able for the MEDO Motorola mitra. Input is in 
fixed format, Statements are similar to Matorola 
assembler language, most features of rhe language 
being supported. Additionally, а sysiem symbol 
teble is supported, enabling symbolic relerence ta 
system addresses and assemily of routines 15 
contiqguaus memory locations, Send $1 for the 
manual, and $5 for the listing pr S8 lor а paper 
tape [stare i! XOFF needed} to б A Н Troliape, 
433 Cherry Ln, Lewiston NY 14092. (718) 
754-7222. 


FOR SALE. CDP-1802 microcomputer saftwarg, 
Morse keyboard, 256 bytes, S3. WABGLIY V, 4956 
Andrea Blvd, Sacramento CA 95842. 


FOA SALE: Yiaiton System 21 in working condi- 
tion. Must sell за mike ream for 8080 sysram, 
$300; vou pay shipping. Jim Williams, 475 
Walnut Fodge Dr, Columbus OH 43224, (614) 
885-3838, idays). 


TIMESHARING SERVICES WANTED: Research 
and advanced degree level programs amd routings of 
cii and mechanical engineering, ог bioengineering 
or bio-medical merest. Please send fii nforma- 
Цом amd price bsi te Donald Becnel, POB 14473, 
Baton Reuse LA 70808. 


WANTED. Someone who has pi wangsa To verire on 
BK version oF BASIC lor my COSMAC ELF, as in 
the Popular Elecreenies August 1876 constructian 
article | ubes the АСА СРР 1802 central prò- 
cessor umi. Please send ағу anri all correspondence 
en thi& subyacl !o Greg Watson, 9617 dome Gr, 
Fairfax VA 22030. 


FOR SALE OH TRADE: BYTE issues zT thru 
=10. $50, o swap for dust ux gasues DE 73 
mugazins or first three issues of CO magazine. 
Wanted: Flexcwrnrter with upper and lower case 
wpe will buy or swap fer thiee upper case only 
machines, ane desqned tor computer interfaca, 
Greggory & Walle, $630 Ensenarin Woy, Riverside 
CA 92504. 


TELEPRINTER Creed 7B. Senat input/ourpur 
rleyica. Swap for KiM-7 or similar rmicinprocessor, 
Free deivary АП BYTE back issues, 1975 and 
1976 lexcluding numbers J and 10}, included. T N 
Artur, 30 Witllagdan Av, Klao! 3600, Natal 
Republic of SOUTH AFRICA. 


FOR SALE. Vala 7674 computer clock, 999 
days, Z3 59 hour, 23 69 minutes and GO seennds, 
BCH output tke new], $200 Also, 1 Brpe (unser? 
$100. FOG, Noraidh NW 13815, (5607) 334-4478. 


WANTED: BYTE issues. Остен and November 
1975, £z:2, 3!. For sate сы аген io rade нн the 
above sues, Decermbgr T9 75, June thru December 
1978, 1x4, 10, 11, 12, 13, 14, 15 aul 1Б}, David A 
Easiman, 46 Sablo Ам, N Oaimouih MA 02747. 
i817) 993-7098, 
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FOR SALE: BYTE s! ia mint condition {never 
remeved from mailing wrapper], Best offer aver 
$20. Sreve Saunders, 5400 Ellsworth Av, Pitts- 
burgh РА 15232. 


FOR SALE: MCS 6502 resident assembler. Uses 
6530 TiM input and quipur routines, Can be easily 
modified te be used in systems not having the TIM 
chip. Asides im less than 2 КҚ memory 
i40Q0-A7FF|. This software contains a text editor 
(TED) which sets up the source file, and a 2 pass 
assembler which assembles the source and gener. 
ates a symbol! fable, |f ar error occurs, an error 
code and line number are outpucied which pin 
points the error in ihe source file. Source file and 
symbol table car be located practically anywhere 
in memory. Assembled programs can ba execuied 
via othe TED A {Run} command. Hexadecimal 
listing and operator's manual, $15. Source code 
and manus!, $25. C W Moser, 3238 Linda Dr, 
Winston-Salam NC 27106. 


FOR SALE: M6800 cross assembler written in 
FORTRAN and set up to run under any systam 
with some minor madificatians, Other M&BIDOO 
programs available. Mid-Michigan Computer Club, 
T Preston, 15151 Ripple Dr, Linden Mi 48451. 


КІМ-1 USERS: Am designing a universal PC board 
same size as KIM-1 board. Gouble sided, space for 
ир to 70 16 pin and 12 28 pin chips, four regulator 
or power transistor packages with hear sinks. Need 
tan peonte to get cost ta $30 each, Contact Gerry 
Houlder, 3832 Stevens Av, Minneapolis ММ 55409. 


WANTED: The base for the CAT terminal en- 
closure thai was offered by Tri-Tek. Will buy 
outright or swap for TTL chips ar back issues of 
BYTE. If you haw one of hese bases for sale, 
wrile Larry Ingram, 20 Locust St, Cambridge MA 
02138. 


AUCTION: Issues 1, 2 and 13 ol BYTE. Good 
condition, Make your affer af cash or equipment 
for use wilh Alte В800, Bidding closes last day of 
month this is published. Enclose SASE and you 
wil be notified if you are nor a successful bidder. 
Alsa for sale; DEC PDP-11 ragula:nrs 5 V 25 А, 
$30; 15 V 10 A, $20. H 5 Corbin, 11704 Ibsen Dr, 
Rockville MD 20852. 


FOR SALE: DEC POP-SE wilh following options. 
ММВЕ E18 К core memory, KMBE memory extan- 
поп and timeshare control, KCBE programmers 
console, KPHE power fail detect, KLSE console 
Teletype control, BEGA omnibus expander. Asking 
$3000. M intarested contact David Kohl, 3002 
Bedford Av, Hraoklyn NY 17210. (212) 952-4420 
days, 


COMPUTER Paper tape panehes and remcers, 8 
anc 5 devel, (BM ÖS Verifier, ullra high speed 
Paper kape punch (2400 pom}, 5 level. PDP- 
BSe/LabHe soliware ro exchange. 150 nem lisi of 
ham, gormputer, teat, Ми ft, amcralt, phota, and 
antique gear far sale or trade. SASE. K20CY, 
11 Squire Hill Ag, М Caldwell N. 07006, 


FOR SALE: Teletype Model 33 KSA, $250. Mode! 
33 ASR, 3356, Friden Pragramatec Fiexowriter 
Model SPD with rape punch and tape reader, $225. 
Friden Programatie Flexowriter Modet 220) with 
tape punch and tape reader, $325. Send) SASE For 
smali tise, Воп Turnure, 206 S Highwood Ay, Glen 
Rack NJ 07482. 


Readers who have equipment, software or othar 
items ra buy, self or swap should sand in а Cleary 
typed пасе to that effect, To be eansidered for 
publication, an advertisement should be clearly 
nencommercial, typed double spaced оп plain 
white paper, end include completa name and 
address information, Thise notices are free of 
charge and will be printed one rime oniy on a трасе 
aveisile basis, insertions shouid be limited со 100 
words dr less, Notices can be accepted from 
individuals ar bons fide computer users clubs only. 
We ran engage in no correspondance on these and. 
your confirmation of afatement is appearance in 
an issue of BYTE. 

Please note thar it may fake three or füur 
month for an ad to appear in the magazine. 8 


synchro-sound enterprises 


“THE COMPUTER PEOPLE’? 


“IN STOCK ” 
NEW LEAR SIEGLER ADM - ЗА KIT 
FULL ADDRESSABLE CURSOR 


y? а. 


CHARACTER GENERATION 

5 x 7 dot matrix. 

DISPLAY FORMAT 

Standard: 1920 characters, displayed in 24 lines of 
80 characters per line. 

CHARACTER SET 

Standard: 64 ASCII characters, displayed as upper 
case, plus punctuation and control. 
COMMUNICATIONS RATES 

75, 110, 150, 300, 600, 1200, 1800, 2400, 4800, 
9600, 19,200 baud (switch selectable). 


IMSAI 8080 MICROCOMPUTER 
POWERFUL е EASY TO USE e LOW COST 


$619.95/22 SLOT MOTHER BOARD 
849.95/WITH 7-80 CPU 


Circle 96 on inquiry card. 
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COMPUTER INTERFACES 

EIA standard RS232C and 20 mA current-loop 
(switch selectable). 

DATA ENTRY 

New data enters on bottom line of screen; line feed 
causes upward scrolling of entire display with 
top-of-page overflow. Automatic new line switch 
selectable, end-of-line audible tone. 


АОМЗА KIT .с-%%%4.+%4......... $ 839.95 
ADM-3A ASSEMBLED ............. 1099.95 
LOWER CASE ОРТІОМ ................ 89.00 
(when ADM-3 kit is purchased from us .... 59.95) 
FOLLOWING MANUFACTURERS IN STOCK 
PERIPHERAL VISION, iCOM, TDL, OAE, 


PROCESSOR TECH., SWTP, APPLE, HAYDEN, 
TARBELL, IMSAI, LEAR SIEGLER, OKIDATA, 
DEC, JAVELIN, TELETYPE ASR-33, TRW. 


SPECIAL 9” JAVELIN HIGH RESOLUTION 
VIDEO MONITOR .................. $159.95 


x“ *d td * X RE *& HF KH FRE EK К 


* 2708 EPROM $59.95 
* Set of seven $350.00 
* 


Ж k k k kk k X k k k k kk kk KR х 


+ +*+ 


($1099.00) 
OKIDATA MODEL 110 
110 CPS DOT MATRIX LINE PRINTER 


FRICTION FEED* $1099.00 
TRACTOR FEED 1229.00 
RS 232C SERIAL INTERFACE 250.00 


KK KKK KK X OK OX OX KK KK кок Ж Ж 


MOST ITEMS IN STOCK FOR SAME DAY 
SHIPPING. FULL MODERN REPAIR FA- 
CILITIES ON PREMISES-WE SERVICE 
WHAT WE SELL. 


Kk « KK KKK K KK KK KOK KOK KOK + 


KEEKEKEEKE 


synchro-sound enterprises 


193-25 Jamaica Ave., Jamaica, NY 11423 
Phone (212) 468-7067 


HOURS 9 — 4 DAILY + SATURDAY 
BANKAMERICARD MASTER CHARGE 
VISIT OUR NEW SHOWROOM 
WORKING UNITS ON DISPLAY 
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DECwriter 11 


$1769.95 


Features 

132 column printing 
30 CPS 

Full Keyboard 
Tractor Feed 


NEW COMMERCIAL QUALITY KEYBOARD 


The Model SS-1 Communications Terminal is a 

non-contact capacitive keyboard with a guaranteed 

life of over 100,000,000 operations. 

FEATURES 

* MOS/LSI Encoder with high reliability and low 
power consumption 

€ n Key Roll Over which eliminates operator error 
and increases thruput 

* Hysteresis for tease proof operation 

@ Solid State performance at mechanical switch 
prices 

® Tactile Feedback at the operate point 

€ ASR-33 Array with four mode encoding 


KEYBOARD КЇТ.................. $ 99.95 

ЕМСГО$ПВҢЕ........................ 49.95 
(WITH NUMERIC CUTOUT} 

NUMERIC PAD .,.................. 34.95 

COMPLETE KIT (with раа) ........... 179.95 

ASSEMBLED UNIT (with pad) ........ 229.95 


Dr Kenneth B Welles 

General Electric, Nela Park 
2623 Fenwick Rd 

University Heights OH 44118 


The two fundamental rou- 
tines needed for a floppy 
disk system are: Write a 
block of data to the disk, 
and read a block of data 
from the disk. 


Software for the 


Economy Floppy Disk 


As hobbyists are rapidly finding oul, even 
the most sophisticated hardware is next to 
useless without the proper soflware to con- 
trol п. My previous article on the floppy 
disk drive interface (see February 1977 
BYTE, page 34) described a hardware device 
of the simplest and, consequently, most 
software dependent type. This month's arti- 
cle describes the operation and use of the 
roulines needed for transferring data 
between the computer and a disk drive (one 
of up to eight! connected to rhe interface. 

The two fundamental routines needed for 
a floppy disk drive system are: Write a block 
of data to the disk, and read a block of data 
from the disk. This sounds simple in theory 
bul in practice much more information and 
many operations are needed. How many 
bytes of data are in the block to be 
transferred, and which disk drive should the 
block go to or come from? At which track 
and sector is the block to be located? How 
will an error be detected (and if detected 
what steps should be taken for correction]? 
These are some of the major questions 
involved, without even considering such 
specific details as data formal, file structure, 
unrecoverable errors, directory structures, 
naming and dating conventions, and so on ad 
futilitum. 

A block read or write routine can be 
divided into four stages: 


€ Setup for the data transfer 

è Transfer the actual data ta or from the 
disk 

е Error detection 

* Error correction 


ва 


These stages must, by their definition, occur 
in the order listed, and in most disk systems 
all four stages are included. In some opera- 
ting systems the error detection and correc- 
lion stages are ignored during a write opera- 
lion. While this speeds up transfers by 
eliminating a reread or verify operation, H 
means that most write errors will be unre- 
caverable. 


Write Set Up 


Because this interface is quile unsophisti- 
cated, dala Lo be written onlo the disk must 
be prepared in memory in exactly the 
manner that it will appear on the disk. A 
preamble containing 16 bytes of zeroes (128 
"0" bits) and a byte boundary synchroniza- 
lian signal (ar sync byte) must precede the 
data. Before the data is written, the error 
detection bytes must be calculated and 
stored with the data to be written, since 
there will be no time Lo calculate them once 
the write operation has been initiated. This 
software uses a 16 bil cyclic redundancy 
check (САС) word calculated from the dala 
bytes by the binary polynomial: 


x16 4 x12 4 x54 1, 


Because they are precalculated, the error 
detection bytes may be put in any position 
before, within, or after the data. | chase to 
place them directly after the data. The 
assembled block of data to be transferred 
(consisting of the preamble, sync byte, data 
and CRC bytes) is now in the proper formal 
for transmission to the disk, but the disk 
drive itself is not yet properly set up for the 


transfer. Because the interface may contral 
multiple drives, the first aclion of the 
software is 1o select the proper drive and to 
assure that it is ready. "Ready" means that a 
diskette is !oaded and revolving, and the 
power supplies are working, Next, the cur- 
renl track location of the data transfer head 
is determined and compared to the desired 
track. IF the desired and current tracks 
differ, the software must step the head in or 
ош at Ihe proper rate [TO ms per track) until 
the correct track is reached, and then delay 
for the proper head seuling time (10 ms} 
before continuing. 

If the head is not currently loaded, the 
software must Joad the head and allow time 
for the loading 1o be accomplished (30 ms). 

AM that remains before initiation of the 
dala transfer is to find Lhe starting point of 
the proper sector. Because the timing is 
fairly critical between finding the sector and 
iniliating the write operation, all of the 
parameters for the write data loop such as 
pointers, counters and output commands 
must be sel up ahead of time in the 8080 
registers, The software now searches.far the 
index pulse fram the index hele of the 
selected disk drive and, having found it, 
begins Io count sector pulses until the 
desired sector is found. When the leading 
edge af this sector pulse is sensed, ihe 
software transfers immediately to the write 
routines, using the values previously stored 
in the registers to speed the initiation of the 
write operation. This generates the proper 
liming relationship between the sector pulse 
and ihe start of the recorded data. 


Write Data Transfer 


И N bytes of information (including the 
cyclic redundancy check) are to be recorded 
on the disk, the software will actually send 
aul N+33 bytes ef dala to the interface, 
Figure 1 shows that the first i6 bytes (a 
preamble of zero bytes) are recorded 1o 
allow the interface to correctly distinguish 
between data pulses and clock pulses when 
this data black is read. The seventeenth byte 
recorded is the sync byte, in this case a 
binary value of 10000001. This sync byte is 
used by the Universal Synchronous Receiver 
Transmitter (USRT) to find the boundaries 
between bytes during a read operation. The 
пехі N bytes are the block of data to be 
recorded, and finally there are 16 bytes as à 
postscript Lo assure that no data is destroyed 
when the disk drive wrile gate is turned off, 
Because the only use of this data is 10 
maintain clock synchronization and protect 
the preceding data, the contents af the last 
16 bytes are not critical, and may overlap 
data used for some other purpose. 


PREAMBLE 


18 
BYTES 


10000001 


SYNC BYTE 


N DATA AND 
HOUSEKEEPING 
BYTES 


16 
BYTES 


POSTSCRIPT 


Figure 1: Floppy disk data transfer black format, The simplicity of this "hard 
sectored" floppy disk svstem requires that a specific format be used for ihe 
datu, The First 16 bits act as a preamble to enable the interfuce to distinguish 
between date pulses und clock pulses Next comes the sync byte used hy the 
Universul Synchronous Receiver Transmitier (USRT) ta find the boundaries 
beiween bytes. This is followed by the actual data and, finally, a 16 byte 
safely regian to assure thut no data is destroved when the disk drive write 


heud is turned off. See also table 2. 


Write Errer Detection 


After all N+33 bytes have been sent to 
the disk through the interface, the write gate 
of the disk drive is turned off and error 
detection may now be performed. Error 
detection cansists of performing a single 
read operation of the block of data just 
written, The block of data read in is compar- 
ed byte by byte to the block of data written, 
If all N bytes are not the same for both 
blocks, an error has occurred. This process 
vould be called a "verify" operation, 


Write Error Correction 


If error correction is necessary on a write 
operation that fails ta verify, it is accom- 
plished by rewriting the same block of data 
to the same disk, track and sector. After this 
rewrite attempt, a verify of the rewritten 
data is performed and compared 10 the 
correct dati 1o determine ihe success or 
failure of the error correction operation. If 


Bo 


As block sizes increase 
there are fewer preambles 
and postscripts on any 
giyen track, thus maxi- 
mizing the usable data 
bytes per track. 


In the very simplest sys- 
tem each block of data 
would have some form of 
error detection ranging 
from a single byte of 
checksum to a 16 bit 
cyclic redundancy code or 
even a complex Hamming 
code. 


Table 1: Characteristics af 
different data block sizes, 
Smaller data blocks have 
the advantage of not tying 
up large blocks of memory 
(a premium commodity in 
many small systems), 
Large date blocks, by сот- 
parison, speed up data 
transfer, require fewer 
blocks per track, end max- 


the write operation fails four (or some other 
small integer) times in a row, all hope is 
abandoned, an error message is printed on 
the user's console device, and the write 
routine terminates. Manufacturers’ recom- 
mendations for action taken al this point are 
as follaws: Move ta an unused sector and 
track on the disk in question, and retry the 
write operation, If the error persists, the disk 
drive has write circuitry problems; notify the 
user, [f the error is eliminated, then the 
track and sector where the original error 
occurred probably has some damage to its 
oxide coating. In this case, relink the data 
file to reflect the new location of the data 
(the track and sector where the second 
atlempt was made}, and then record in some 
table the fact that the original track and 
sector where the write operation failed is an 
unusable area, But what do you do when the 
area thal failed to write properly is the 
location of the table where the failed areas 
are stored? This is why operating systems 
designers have such a high incidence of 
insanity. The software in this article ignares 
the whole issue, the traditional ostrich 
solution, 


Read Set Up 


No data preparation need be done on a 
read operalion because the only routines 
required are disk drive select, head load, 
track seek and sector seek, These are the 
same routines used by the write operation as 
described earlier. 


Read Data Transfer 


The USRT is reset to search far an 
occurrence of the sync byte within the 
incoming serial data, and the program is set 
to wait far the USRT to signal that the sync 
byte is found. When the sync byle is found, 
data is brought in from the interface and 
stored in memory. For a block recorded 
with N bytes of information as in the write 
operation, a total of №1 byles are read in. 
The first byte brought in by the software is 
the sync byte, accounting for the extra byte 
transferred. 


imize the | number of 
usable date bytes per 
trace, 
DataBlocks Usable Bytes DataBytes Housekeeping 
Per Track Per Block Per Block Bytes Por Block 
1 5127 4096 1031 
2 2548 2048 501 
4 1260 1024 236 
8 615 512 103 
16 293 256 37 
32 132 128 4 


All Formats Stare 315,392 Data Bytes Per Disk 
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Read Error Detection 


The routine that calculated the 16 bit 
cyclic redundancy check (CRC) for the write 
aperation is now used to calculate the CRC 
of the data block just read. The calculated 
cyclic redundancy check must match the 
CRC read in if the dara is correct. If these 
values do not agree, an error has occurred 
during the read operation. 


Read Error Correction 


If a single read operation is unsuccessful, 
{wo more attempts are made to read the 
data, If the computed and read-in cyclic 
recundancy check values stili disagree, the 
disk head is stepped in one track and then 
oul one Lrack, and up to three more read 
operations are tried. Continued lack of 
success causes the head to be stepped out 
and then stepped in one track, and three 
more attempts to read are made. |f the error 
persists after all of this, then this software 
concludes that the data is unrecoverable. 
The jogging of the head one track in or out 
is recommended by the manufacturer to 
release any dust particles which may have 
lodged between the disk and head, and 
which therefore may be causing the read 
errors, 


Block Size 


The discussion of the software to this 
point has referred to the transfer of a 
"block" of data, but no definition has been 
made of the size of this block, The disk is 
divided physically into 32 different sectors 
by the presence of 32 sector holes, The 
combination of the rotational speed of the 
disk (360 rpm), the data rate (250,000 bps}, 
variation in the timing of the sector hole 
detection (* 500 us), and the necessity for 
the 16 byte preamble, sync byte and 16 byte 
postscript an each record determines that if 
each track holds 32 blocks of data, then 
each block has 132 usable data bytes. There 
is no electronic or philosophical reason that 
the disk must be recorded in a format of 32 
data blocks per track, or even that a 32 
block track must consist of full size 132 
byte blocks. The proper operating system 
software could quite easily make use of a 
data format with only 16 bytes per block 
and 11 blocks per track. However, this 
would make the capacity of each disk less 
than 30 K bytes, a tenfold reduction in 
stcrage capacity. The software presented 
here can be easily modified to allow other 
black sizes and formats to be used, and the 
rezsons for choosing different block sizes 
will be presented before attempting to justi- 
fv the block size used. 


Smaller data blocks have three main 
advantages. First, because of the nature of a 
disk drive, datà must be transferred. one 
block at a time, never as a fraction of a 
block. 1f the data is not ready all at once (as 
is usually the case), then some area af 
computer memory must be dedicated to the 
storage af this data until a ful! block can be 
acquired, The size of this buffer area is the 
same as the size of the block, and a smaller 
dala block consumes jess memory than a 
large data block. Even with the drapping 
prices of memory, the average person cannot 
afford то dedicate large blocks of a compu- 
лег" storage solely to disk dala buffering, 
especially in a sophisticated operating sys- 
iem that may work on many disk data files 
simultaneously and require a data buffer for 
each one. Secondly, when recording data 
files onto a disk device, the data file rarely 
contains the right number of bytes to be 
stored in exactly an integral number of 
blocks. An average of one-half of a data 
block is wasted on each different file re- 
corded on the disk, [fone works with a dala 
base thal consists of a large number of shart 
data files, this lost capacity of this disk can 
become significant. Smaller block size mini- 
mizes this loss of storage capacity. Last and 
definitely not least, the growing awareness 
of the need for standardization of data 
storage among the users is a motivalion to 
seek out de facto (read IBM} standards to 
work wilh, Operating with somebody else's 
block and physical recording parameters 
makes it potentially possible to exchange 
data belween different computer systems via 
diskettes. The most widely embraced stan- 
dard for floppy disk data operations is the 
IBM soft sectored standard. Unfortunately, 
ihis standard is incompatible with the inex- 
pensive interface | described in my previous 
article, and does not (at the time of this 
writing} lend itself to as cheap and simple an 
interface. However, the IBM standard uses 
128 буте data blocks, and large amounts of 
software exist for it. Software for the hard 
sectored version of this format currently 
uses data blocks of 128 byte size, although 
the new double density disk drives are 
promoting software with 256 byte data 
blocks. Most existing software, then, is 
written with 128 byte blocks of data, 32 
blocks per track on a hard sectared disk or 
26 blocks per track on a soft sectored disk. 
This is an argument in favor of short data 
blocks, based on conventions of existing 
users of floppies. 

Larger block sizes also have three main 
advantages. First, because the software pre- 
sented here can only transfer one block of 
data per revolution, large data blocks greatly 


speed up data transfer. Dedicating a track to 
а single data block, а 5 К byte block of data 
can be transferred in 1/6 second, Second, 
large block sizes mean fewer blocks per disk. 
This reduces the dala required in the ad- 
dressing of disk data blocks, and can reduce 
the complexity of directories and block 
occupancy bit maps, Table | shows the third 
advantage of large data block sizes. As block 
sizes increase there is less overhead on any 
given (rack, and so Ihe maximum number of 
usable data bytes per track (and per disk) 
increases, While the overall amount of cata 
storage increases by only a small percentage, 
the increase is important Lo certain dala 
structures, as will he shown, 

in block structured random access data 
bases, such as disk storage, data is usually 


stored in blocks of 20 bytes. Ап integral No other peripheral device 
power ol two is a handy size for organiza- requiring direct. memory 
lion of data in a binary computer and makes access. (DMA) operations 


data manipulation easier than with some 
other sizes. With each block of useful data, 
there is same other dala which is transparent 
to the user and of no real concern to А 
him/her, but which is associated with file no interrupts or hold oper- 
management and the operating system of the ations lasting longer than 
computer. This housekeeping or "overhead" two microseconds can oc- 
dala contains information about the stattis cur simultaneously with 
of the data within the block. in the very disk writing. 

simplest system, for instance, each block of 

data would have some form of error delec- 

пап, ranging from a single byte of checksum 

ta a 16 bil cyclic redundancy code or even a 

complex error correcting Hamming code. 

Mosi simple systems also record the track 

number and sector number of the block with 


should be active during the 
read or write operations of 
this software. In general, 


Table 2: This is an expansion of figure 1 showing how the datu block is laid 
out in memory prior to an outpul disk transfer or following a read operation 
from the disk. The “housekeeping” bytes mentioned in the text are used for 
error detection and error correction as well as for labeling files. 


Byte Number {Decimal} Value Function 
—1710 —2 D Clock synchronization 
—1 hexadecimal 81 Syne byte for data synchronization 
Ü to ASCII 9 letter file name 
g am? Brive number 
TO 3 to 76 Track number 
11 D to 30 Sector number (must be even} 
12 3 to 76 Track number of preceeding block 
13 Oto 30 Sector number of preceeding block 
14 3 to 76 Track number of following block 
15 D 10 30 Sector number of following block 
16 to 19 — Future use 
20 0 ta 255 Byte count of incomplete data blocks 
21 ro 276 DATA User data (256 bytes} 
277 = Future use 
278 ta 272 CRC 16 bit CRC (cyclic redundancy check) 
280 to 295 о Trailer bytes 


Bytes О to 279 are shown as they exist in memory. 
Bytes —17 to 295 are shown as they exist on the disk. 


NOTE: The software in this article uses only bytes 9 to 11 and 278, 279, [Ап 
bytes numbered © ta 279 ага transferred ro disk and back.) See note at 
end af article concerning a complete floppy disk operating system which 
uses all the bytes. 
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‹ THE FOLLOWING 15 A GENERAL PURPOSE ERRÜP T'YPEOUT ROUTINE 

. THE VALUE OF СО REFERS fO A USERS ROUTINE WHICH TYPES OUT 

‚ THE ASCIL VALUE [М THE C FEGISTER ONTO THE USEFS CONSOLE QUTPUT 
, OWL’ THE A REGISTER AND FLAGS MAY BE DESTROVED BY CD 


co Eau g 
ORG 18H : THIS ROUTINE MAY BE ORG'D ANYHHERE IH MEMORY 
| THIS ROUTINE TYPES DUT AN ERROR MESSAGE TO THE USER 


.1T 15 CALLED IHTERHALL'Y AS 
FALL ЕРТУР 


1 гв ч 
+ THE RESULT TS THE TYPTHG ПЕ 
ERROR H 
ERTYP MTH 
FUSH FS 
PUSH в 
PUSH D 
nov A.M 
thx H 
PUSH H 
PUSH Pow 
LXI н, ERES 
CALL ТАТУР 
РОР FSW 
CALL BYTyP 
РОР н 
РОР D 
РОР [24 
РОР PSH 
XTHL. 
RET 
ERMES ES 13., 10.“ ERPO ,'F- 4128 


Bw TYP PUSH PSH 


тул E, 

CRLL co 

POF FSW 
MMTWe> PUSH PSM 

RRO 

RI 

RRC 

RPC 

CALL HEMCHP 

POP PSH 

CRLL  HEXĊHF 

RET 
МЕСНЕ FUSH = PSU 

ANT ВЕН 

ADT "gj 

©Р1 EN 

Jc НЕМА 

ADI СЕТУ 
HESL MIY tA 

CALL ca 

POF Psu 

RET 
TXTvF mov AM 

ora A 

RZ 

PUSH PSH 

AHI TFH 

MDY ÈA 

саһ со 

POP PSH 

RM 

IH H 

ane TNTYP 
EFWMPT — Emu і VLE THE DISK FALLS то HPITE, ТУРЕ "EPROR 1" 
ERREG Еби 2 VIF THE DISK FAILS TD FERD, ТУРЕ "ERROR 2" 
EPDKMM EJ E (dE чо SUCH DTS, EXISTS. TYPE “ERPDR 3" 


. THESE ARE THE FLOPPY DPIVE 1-0 ROUTINES 


. ls-Hun-r& 

InPOPT ERU Bra 

ОТРОРТ ENU QF RH 

FDREO Ent. THFOPT DATA FROM THE FLOPPY 

FDETRT Eau ІМРОРТ +4 .STRTUS BITS OF THE FLOPPY 

SRISHE Eau INFÜRT«z PEAD THE БРТ STATIS WORD 

SPTRF EGU IHPORT*Z * INPUTTING THIS RESETS THE LSRT TO LODE 
FOINWT En THPOP T +4 :KLUGE ТО SYNCHRONIZE To 22 MICPSECS 
FOWRIT EQU OTPORT -DHTR TG BE ЫРЇТТЕН TO THE FLOPPY 
SPTITFS Emu OTPART+1 »PORT OF THE DEFAULT CHARACTER 

SFTRSS EQU OTPORT +2 

FOOUT EQU OTPORT=+3 ‚SEND SIONALE TO THE FLOPPY 

FDOTMT  EQU OTPOIRT+4 (EYNC TO ТЕ MICPUSEES 

LORDHD ERK OTPORPT+5 THIS COMMANDS LOADS THE HERD FOR 1 SECNNDS 
HOUNLE Еб OTPORT+E | THIS FORCES AN IMMEDIATE HERG UNLOAD 


| THESE APE SIGNALS TO FOOUT «DIRECT FLOPPY CONTROLS! 


WCZEL Eau 1 -isTERCK B-43. O2TFRCHK 44-76 

FUFEST Еру 2 .USE TO PESET А FILE UNSAFE CONDITION 
DIRIN Eau 4 ;LOGICRL OF FOR IN TRACK 

DiFOY Eau HO DER OH .HHD FOR OUT TRACK 

WPTORHT EDU 100 /LOGICAL OF TO START А WRITE 

STEPP EON ғар ‚LOGICAL OR TG STAT A STEP PULSE 
STEPH Eau HOT STEPP ‘LOGICAL ANE ТО STOF THE PULSE 


‚ THESE АРЕ THE DIRECT STATUS LINES OF THE FLOPPY «tN FOSTAT. 
TREZRO Еб] і 
UNSAFE EU ё 
FERDY Ea! 4 
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Listing l: Floppy disk drive input and 
output routines. As it stands, this fisting is 
опе step short of being а complete operating 
system, bul could be used as a starting point 
for such an operating system. This program 
will run only on an 8080 with memory 
having a cycle time of 500 ns ar faster; it 
will no: run correctly if any interrupts or 
direct memory access {ОМА ) routines lasting 
longer than 2 ys occur during program 
execution. (See part |, page 42, February 
1977 BYTE, "Software Timing. ") 


ihe rest of the data on that block. When 
some track and sector is read, the track and 
sector numbers read must agree with the 
desired track and sector numbers. If these 
bytes disagree, then a seek error has oc- 
curred, The error detection information and 
the track and sector numbers are simpie 
housekeeping data thal the user need never 
be concerned with during data transfer. A 
more complex data base management system 
may store extensive housekeeping informa- 
uon with each block of data. Information 
such as farward and reverse linkages (point- 
ers Lo Lhe succeeding and preceding blacks 
of data in a file), file name, number of valid 
bytes in a partially filled data block, date 
and time of the recording of this block of 
data, write or read protection, user identifi- 
cation, destroy date — all may be recorded 
as useful housekeeping data. 

If a format of 32 blocks per track, 128 
data bytes per block is used, table | shows 
that this leaves only four bytes of data 
available with each block to record house- 
keeping data. Going to 16 blocks of 256 
data bytes per block, the available house- 
keeping area increases to 37 bytes per block. 
512 data byte hlocks gives a substantial 103 
bytes of housckeeping on each of eight 
blocks per track. The routines presented 
here were written as a first low level stop 
toward a full floppy disk operating sytem, 
and the amount of housekeeping required 
for the full system necessitated at least the 
256 byte block size, The 512 byte block size 
was ruled aut because it consumed bulfer 
space much too quickly, and because a single 
byte would no longer be sufficient as a 
buffer data counter. 


A DOS Block Format 


Table 2 shows ihe layout of the dala 
block for my disk operating system (DOS) as 
it exists in memory and as it is writlen lu 
and rcad from the disk. There are 280 bytes 
in the block, 256 of which are usable data 
bytes, and 24 of which are reserved for 
housekeeping. Of the housekeeping bytes, 


five are not currentiy defined, and all but 
bytes 9, 10, 11, 278 and 279 are available to 
the user in the routines listed in this article. 
As of this writing, a Full floppy disk opera- 
ting system for my peripheral interface to 
the 8080 has been completed (see note at 
end of this article), The format described 
here is that used by this operating system. In 
this format, the first nine bytes are designa- 
ted as the file name, ordered a la DEC as six 
ASCII characters of file name and three 
characters of extension. Having the File name 
associated with each block of a file is a great 
aid in data recovery from crashed systems (a 
not unheard of occurrence) and in trauble- 
shooting modifications to the operating 
system (a frequently heard of occurrence), 
Byte 9 is the number af the device (disk O to 
disk 7) where this file was originally re- 
carded, This numbei does not have ta match 
the number of the device that the file is 
subsequently read from. Byles ТО and 11 are 
the numbers of the track and sector where 
this data block is stored, Valid values are any 
integer [rom © to 76 for the track, and only 
even integers from 0 to 30 for the sector. 
(With 256 byte blocks, we have to use every 
other sector.) Bytes 12 and 13 indicate the 
track and sector of the block of data 
preceding this one in a linked data file. If the 
current block is the first block, and no 
previaus dara blacks exist, then bytes 12 anc 
13 are sei to zero, Since track zero, sector 
zero 15 reserved for the bootstrap copy of 
the operating system, no linked file can have 
this block address as a legal forward or 
reverse linkage. Bytes 14 and 14 give the 
track and sector of the data block following 
this block in the linked file, [f this 15 the last 
black, values of O and O are again used to 
indicate an invalid linkage (end af file), 

Because no operating system is ever fin- 
ished and better ideas are generated as a 
continuous function of time, bytes 16 to 19 
are reserved for whatever functions may 
become desirable in the future. Byte 20 is 
used when the last block in a recorded dala 
file is not completely filled, indicating the 
actual number of valid dala bytes stored in 
the data area, Bytes 2] 10 276 inclusive 
contain the 256 bytes of usable data. The 
dala in these bytes is usually the only dala 
of final concern to a program retrieving data 
from а file. Bytes 278 and 279 are the cyclic 
redundancy check bytes, least significant 
byte first. This [6 bit value is calculated as 
detailed earlier, from the values of bytes О to 
276 inclusive, 


Now, the Software 


Listing ? shows the software which con- 
trols ihe disk interface and performs the 


Listing 1, continued: 


апа 
9013 
2628 


aani 
eien 
mois 
Siar 
mong 


Enea 


FX 
BeBe 
cs 
СЕП 
CDEFEB 
cL 

ce 

an 
FZüzEd 
сртваз 
OL 

са 


Е 
CD28EA 
214BE2 
AF 
0614 
77 

22 

55 
с221ЕӨ 
3631 


7 2h55EkZ 


Z22467 
zisBk2 
tpr-EB 
ЕЕ 

Pu se a 


2 cpDeEt£ 
г CLOSET 


117681 
ZiaBEZ 
RF 
EIFL 
JASSE 
ун 
aF 
CLAE 
Ta 
b3FI 


cz58En 
зпавЕ2 
EEF? 
CFF 
T2466 
co 


CORFEG 


FER? 
azd*EP 
COBAED 
cs 


ЕСТЕ EQU = 
INDY Eou 14H 
MEADLD ERU 28H 
+ THESE АРЕ VARIOUS PRPAMETERS. 
SYHCE Eau BLH THIS ІБ THE SYNC BYTE FOF STAPT OF TRACK 
LMBUF EG 2546 'LEHGTH OF THE BUFFER 
#TFA ЕСИ E ЕМТЁЙ BYTES FOF HOUSEKEEPING 
LHEZH(C ЕМ LNBUF + RAL + DISTANCE OF SYNC TO CHECKSUM 
OSFLIM EDU 8 ШР TO G DISK DRIVES ON THIS COMTPOLLER 
ORG ЗЕРЕН THIS 15 GISCONTIGUOUS RAM 
GUPT Cl -DPIZRBLE THE iHTERRUPT TO HRIHTRIH CRITICAL TIMING 
мыт Е. 2 +TPY THIS 2 TIMES BEFORE GIVING UP 
GDWP2 FUSH в 
CALL WRTZSS FIRST, WRITE iT 
CALL СНЕМЁТ o THEN CHEC: FOR PROPER WRITE 
РОР B .RESTORE STACK. рон" T CHANGE FLAGS 
PE ‚ SUCCESSFUL WRITE. EETFIH НОП 
DEF B A BAD HE[TE, TRY AGAIN 
JP боне «ІР ME STILL HAVE TIME. TRY AGAIN 
CALL ERTYF SELBE. SIONAL THE ERPOP ANG QUIT 
гв ERWE'T 
RET 


THIS ROUTINE ASSUMES THAT THE TRACK AMD SECTOR TO BE WRITTEN ARE IH TRENET 


. ANE THE DATA 15 ALL IM HPDRT 


MET2ZS LDA WOE THIS MUST CONTAIN THE DISK HUMBER!!! 
CALL PEKHLM  ; PROCESS ANY UNIT NUMBER CHANGE 
м1 Н. HF'TEILIF »ELERR THE CLOCK SYNC BYTES 
APA n Ее FILLING WITH 2ЕРОЕЕ 
Inl E. изн 18 GF fHEWM 

CLRLOF Moy м.а 
IHY H 
bcr B 
анс CLELOP 
meL M.SWHILE . STORE THE 5т БЕТТЕ 
LHL TRE LIFT 
ELE TREAT «SET UF THE TRACY AMD ZETTURP POTTS 
“Lol Н. HE SHCE I START OF THE CHECKSUM AREA 
CALL CHE426 
EHA 
*HLE HETH S STOPE THE CPLLLILATED CHECK SUIT 
CALL TFRKGET . GET THE DESIRED TRACK 
CALL HEDLUD «LOA THE HERD 
Lut Ё. НЕШЕ «V TPREXZ 
шл Н, HP TBUF .BLFFERF AREA TO WRITE Т0 THE DIS 
E A 
nur SPTYFS , TRANSMIT A FILL CHAP ЗЕ ZEPO 
ыра КОБ |THE GUT STATUS 
DRL HPTOATHFUREST ‚тшен OH THE HEITE GATE 
“бу C.A -HILD THE WRITE COMMAND 1H C 
CALL SCTGET GET THE PROPER SECTOR 
How Ait 
ант кошт LIMIT THE WRITE GATE QUICKLY 
"HI HOT FUREST |: TURK OFF FILE UNSAFE FESET 
OWT FOouUT 

HETLOP OWT FDOTHT «LUGE ANG WHET FOP PERDY FOF DATA 
MOV А, м 
out Fow iT 
їн H 
сг n 
мр Н.Г 
ОРА Е 
ант HFTLOP 
LDA FORE 
ант HOT WFTGRT + TURH. GFF THE WRITE бНТЁ 
OWT пит чы 
STA FOBUF a TRIS [£ THE PRESENT STATUS 
FET 

THIS POUTING РЁЁРОРМ A FERERD OF THE SECTOR JUST HFITTEH 


: RETURN IS WHITH 238 IF A FEAD FAIL OCCURPED. OF IF A READ DION Т 
Zai T£ A zULccETZFIL WRITE 


THE ТМПЕС САТЕ PREVIOUS WRITE 
CHRHFT CALL TPY3HD  . TRY 2 TIMES TO REAL IT 
ЕНІ 1 PETUEH WITH шШ= он A BRAD ЕВРЕ 
Lei H. EDSHCE SET UF A 295 BYTE 
м1 D. MRSHCP 
fay I в.в 1236 ISH T ALL. BUT 
CH WL LDA 19 GET WHAT WAS HPITTEH 
CMP M .EOmPAPE TO WHAT WAS FERD 
PHI ‚БЕТИМЕН OH HH ERFOP 
INM n 
In H IMP THE POINTERS 
DTR E 
Jum ЕНЕ 
РЕТ (SUCCESSFUL FETURM, 322 
TH1£ ROUTINE TRIES = TIMES TO РЕНО, THEM JOGS 1N. 
REDES ÙI i PISABLE THE INTEFFUPT FOR 
CALL TRYSPO :TRY 3 TIMES TO REAG THE EL 
FZ -JF SUCCESSFUL. THEM RETURN 
CALL TRBE.IH ‚а IH 
ERLL. ТЕВЕ «SCRAPE OFF FLIES AND FROGS 
CALL TRWYiFD THREE MOPE 
PS 
CALL ТАКТ JIG OJT 
CALL TRHKIM . SCRAPE GFF BIGITS AND DOE 
CALL TPV3RD «LAST CHANCE COWBOY 
FZ + {К _ FINALLY SJCCESSFUL: THE 
CARL ErT rr iF NOT- THEN TYPE GUT THE 
[nz] ЕРРЕГ 
РЕТ 
1 THIS ROUTINE TRIES TO ЕЕВС THREE TIMES, FETURPNS 2 
TReyYSRO ММ Aes ACTUALLY Тет 3 TIMES 
STA REDTFY «HOLE DHTD |T 
TFGP MINE РЕСОНС Tey [T JUFT DHCE 
Re 
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MATCH 


COMPARE 


IT [5 ENOUGH 


Rho GUT AND AGATH 
CRITICAL TIMING 
QCk 


H RETURN 
EFRGF- 


-1 FLHG IF Ок GN НЕМ 


Listing 7, continued: 


EGRE 
КӨНЕ 
ЕВВа 
[е 


ЕӨВА 
Ena? 
EBA 
EaBDb 
Earn 
Een 
EALE 
Eace 
каса 
ECE 
EQCF 
bar. 
EBD 
ЕВР 
Eons 
Eebe 
Een? 
Eeog 
Een 
EADE 
EQEL 
ЕВЕ 
EBET 
EGER 


ЕВЕ 
EBEE 
EBEF 
Egrd 
каЁ1 
EGF? 


EAF? 
€aF6 
Eero 


£125 
£12D 
Ei3¢ 
E133 
E114 
E113 
E135 
E137 
E139 
E13A 
E.3p 
E13E 
£146 
E141 


#1452 
33 
F& 
ЕЗАСЕВ 


zRáREZ 
CbeBEl 
CDOSEL 
СЕОБЕ 
111яӨі 
217563 
ЗЕВІ 

bB3F2 

CDLAES 


E SENSE] 
СЈЕГЕВ 


re 
эг 
ra 
TD 
31 
ea 


Lied 
1їваба 


BL 
CaF Seo 
са 


FEGS 
F281 
Zl3RELD 
ВЕ 

са 

F3 

ES 
ЗЕӨВ 
BE 
FASEEL 


Н. REGTR Yt 
n 


. IF. TOO MANY. THEH FETURN 2a 
TREF a TE? TRY AGATA. AGAIH 


-THIS POUTINE TRIES ONLY ONCE (AND I Сон" Т SLAME IT ATALL? 


PEDOHČ: LDA 


FEDLOP It 


DSKMNT THISE MUST CONTAIN THE DISK HUMBER! + 
DskHlh i PROCESS ANY UNIT CHANGE 

TREGET «GET THE TRACK 

HEDLDUD . LOAD THE HERD 

LU LHBUE + тЕеР+а 

н, ROSHER POINT TG THE BUFFER AREA 


fü SYHCE J PROMPT THE USRT WITH WHAT TO EXPECT 
SRIFSS o SHOVE IT 

SCTGET 1 GET THE РРОРЕР SECTOR 

SRTRER RESET THE МОЕ? TO Lon FOR THE SYHNCE 
FDINMT SPECIAL SYNC KLUGE TO HOLD ONTO THE ВОС 
FDRED UNTIL DATA TS AVAILABLE 

м.а 

H 


b 

RE 

[3 

FERLOF 
Н, ROSNCE 
CHH 436 
LSTDSW 
FDDEV 
POLHE S 
COMPAP 


»POLNT TG THE BUFFER AREA 


.fET THE HuMBEF GF THIS PISU 
‘ARE STORE LT i" THE FEAD AREA ҒОР FUTURE USE 
HL HAS THE CHECr SUM 


THES FLLTTHE COMPRPEZ HL TO DE 


COMPAR MOY 
SB 
PHZ 
моу 
*uas 
RET 


A-H 
G 


AL 
Е 


ITHIS ROUTINE DOES A DOdgELE PRECISE CHEE Sil 


THEa LX 

LHKSLM LSI 

ПНЕ. ОР — MOV 
PUSH 
PUSH 


E. LIEGE TER 

o.8 

В. -QET THE BYTE TO siti 
HB ‚SAYE ALL THE R&GS 


BA 


u mrrogmn 
тозу лот 
т ат gom 


aor 
T 


шты? лю 
om rad 


‚ан 


Al 


ә 
Е 
E 
B 
H 
H 
B 
а.в 
È 

с 


HKELDP NEST BYTE TF NOT YET CONE 


+ THIS ROUTINE 15 ЕНТЕҒЕС HITH А CGOHTRIRIMAS THE NUMBER OF THE 
- DISK DRIVE UNIT ON WHICH THE DESIRED OPERATIONS ARE fü BE PERFORMED 


ьо IMAL 
. RETUPN I$ IMMEDIATE. AND HO ACTION 15 TAKEN 


IF THE LAST OF IVE SEC WAS THIS DRIVE, THEN 
IF A NEH DRIVE 


* IS CALLED. THEN THE HERD OF THE PRESENT DRIVE 15 FORCED TQ UNLOAD 
+ AND THE CURRENT TRACK HUMBER ASSOCIATE WITH IT I5 STORED 

| THE HEH DISKE LAST TRACK 15 REMEHBEPED. AND IF VALID: CONTROL iS 
+ PETURMED ELSE. THE NEW Disk IS iMITED. AND THE TRACK @ 15 FOUND 


DskHum ЕРІ 


OSELIM 18-7 15 CONDITIONALLY ACCEPTABLE 
[ай ы 4Hü SUCH DISK EXISTS'' 
Hi LSTDRR IPOLMTEP TD THE LAST DIS 
M ‚нЁм= р? 

| ФЕ SC, THEN RETURN fH] ACTION 
Su ELSE. SAVE THE HEEDEG DATA 
H 
A. DSRLIM WAS THE OLE ПНЕ LEGAL? 
M 
DSENi 11F HOT, BOW T STOPE THE OLE TRACK 
Cen | CeLRST HUMBER 
В.а 
в 
H PHL=LSTOSFE+OLD DISK. 
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operations described above. There are three 
main entry points to this software: DKINT, 
GDWRT and RED256, When called, these 
routines initialize a disk drive, write a data 
block, and read a data block, respectively. 


DKINT 


DKINT (for DisK INiTialize) is a subrou- 
tine called with the accumulator containing 
ihe number (0 thru 7). of the disk drive to 
be initialized, DKINT causes the selected 
disk drive to unload its data transfer head, 
step the head 1o track zero, and reset the 
track counter associated with that drive to 
zero, DKINT destroys the contents of all of 
the 8080 registers, so appropriate precau- 
tions should be taken when using it, This 
routine must be used after powering up the 
processor, and should be used both before 
disks are removed from Lhe disk drives, and 
before they are referenced by programs after 
insertion, 


GDWRT 


GDWRT (for GooD WRiTe) causes a data 
block ta be wrilten to a specified track and 
sector on a specified disk. When the GDWRT 
subroutine is called, all of the data relevant 
їо the transfer is assumed Io already reside 
in the 280 byte buffer area from WRFLNM 
ta WRFLNM+279, The number of the disk 
io be written on (D thru 7) must be in 
location МЕОЕМ (which is WRFLNM+9), 
the track number (0 thru 76) must be in 
TRKWRT {which is WRFLNM-10O), and the 
sector number (an even number from О to 
30) must be in TRKWRT*1 (WRFLNM- TI), 
The data 1o be stored on the disk may reside 
anywhere in bytes O Lo & and 12 to 277 of 
the buffer area, but in the context of my 
operating system, the 256 bytes from 
WRFLNM+21 to WRFLNM+276 are specif- 
ically reserved for data, GDWRT performs 
ihe steps previously described for the write 
data block operation: generating the pre- 
amble, calculating the cyclic redundancy 
check, selecting the disk and positioning the 
head, writing the block, verifying the write 
operation and attempting to rewrite if nec- 
essary. Control will return to the program 
which called GDWRT after a delay of from 
0.2 to 2 seconds, depending on the distance 
that ihe head had to travel and the occur- 
rence of any write errors. The user need not 
worry about the timing of the operation; 
however, no interrupts or hold operations 
longer than 2 ps may occur during GDWRT. 
Specifically, no memory slower than 500 ns 
response Lime may be used, and no device 
using direct memory access (DMA) opera- 
tions may occur during GDWRT. lf such a 
delay happens at the wrong time, the data 


will not be properly recorded, and fallowing Listing t, continued: 
data blocks on the same track may even be 


Н > 1 Eid2 3A47E2 LpA TRALHO 
overwritten and destroyed, Caution must Ei-45 T? моу м.н + STORE THE OLD CURRENT TRACK HUMBER 
also be observed when using both GDWRT E145 bar's окна дит HDUNLD +FORCE THE HEAD To UNLOAD 
and RED256 from the same program, since E443 Fi POP Р5н RETRIEVE THE OLD ОЯТА 
. a к1ав TT "бу mA -STORE THE NEW NUMSEP AS THE OLD ONE 
the write check operation of the GDWRT E148 ar MOV na iBE-HEXT DISK 
" + al Rec 
routine reads data into the buffer used by Ётар OF RRE 
` _ + €14E GF RPC i RSHEHTERICE ZZ 
the RED256 routine, thereby destroying E14F З246Е2 STA FDBUF — CONSIDER THIS THE NEST DRIVE COMMAND 
dala previously present in the buffer. EEE Beri WE M oC CAE 
- " + | E156 6604 анг FORD 214 1T LORDED AND USEFUL? 
GDWRT рег forms the Error detection and E155 C2@581 шиг OSKFL ‘MO. TELL USER ABOUT {T° 
correction steps outlined above the returns fice os оар E 
with the zero flag true whenever the write Е15р 7E mgY A, м ;THiS 15 MHEFE THE GIS! WAZ LEFT 
. " E15E тзг STA TRAFNO  ;DECLRFE IT THE CUPRENT COUNT 
operation was successful. If some write error Е1б1 БЕА ERI гт 82765 
А E167 FR ЕМ 
occurs, the zero flag will be false {а JNZ 
instruction will jump). The contents of the Ee tem e 1н o LM 
8080 registers are destroyed by GDWRT in tide CORE оп EIN 
nl i Eiék СОЙМЗЕ1 CARL TRAKIN 
either case, and only the Z flag returns with E16E CORSE EARL теак 
valid information, Ei74 CUA2EL CALL TRF EH 
Eat? CDBZEi ТЕР CALL TRAFOT 
ELFA DBF1 In FOSTAT 
ti17C Esa. ANT TEKZEG 
RED256 Е1РЕ C27TEL Z TPZLP 
E181 224rés STA TER HO 
RED256 (for REaD a 256 byte block) E184 ca нори RET 
reads a data block in from a specified disk, Eies соледв сзкет EALL Ертен DISH HumBER 27 
. + т T "i 
lrack and sector. When RED256 is called, it E189 CS FET 
initiates the read operation, and assumes E188 ДЕРЕ INIT нг A 255 
that the disk, track and sector of the data fee eee Au Ee 
Р i - Eigse FS LL PUSH PSH 
block to be read are stored in the mem £128 РУ nea ROSH ОРЫН т 
огу locations. DSKWNT, TRKWNT and E194 Fa POP PSH 
SECWNT, respectively, with the same re- Ei3€ FEBS СРІ DSKL rt 
oa. В Ei98 Ссз@Е1 AH IWIL 
strictions on the disk track and sector values Елэн гэ RET 
as in the GDWRT routine. After being fier FbZPEL CEINT CALL DEFNUM 
1 - I Ei9F EDwc4AEL EARL GTE Q 
called, RED256 will return to the calling Eins £a bey 
program after a delay M" from $1 to 3 » THESE ROUTINES MOVE THE TERMI 
E 55 : THESE ROUTINES MOVE THE EAE 1H : TOJBREDS HUB: DF OUT (TOWARDS CTPCUPMEER 
seconds. Upon returning, the zero гав | et ,üME TRCF FOP EACH CALLA CALL LASTS 1ё месе 
(true) to indicate that the data block read in E162 2147E2 ТЕРЕІН: LXI Н. TRAKRG 
А EarR6& 24 1Nr n ‚ Сайыт UP ONE TRACE 
had the proper cyclic redundancy check ESA? TAaceZ LDA FDBUF 
H EIRA КЫА ORT PIRIH 
bytes, and that the read operation was ERE Te46E2 eta FLBUF 
H EiRF C3BEE1 JMP TRAE MY 
successful, The zero flag is cleared (false) to БААР БЗВЕЕЈ ROT CoN M 
1 H | E165 35 Der м COUNT ОСЫН THE TRACE 
indicate that the read failed ta produce the E13 35 oc DEP Meur 
proper check value even after the multiple E189 EGFE RAY OIROT — ;CLERR FOR AN OUT MOVE 
" А " ELBE 324662 STA FbguF SERVE IT 
reads and head jogs described in ihe read Е1БЕ Е616 ТРАКУ ОРІ STEPP — (SET THE STEP ВІТ 
] " Е1СӘ D3Fz OT PROUT + АНС THE START ЕТТ 
етгог correction section. After a successful Е1С2 ЕБЕР BN! STEPH «| CLEAR STEP ВІТ 
H E1C4 ГУЕ? OUT FOOT 
read, the block of data read will be present Е1СЄ СОСНЕ1 CALL  TEMMIL WRIT TEM NILSECS 
in the 280 byle buffer area from RDFLNM fare св TH15 FOUT INE 1$ JUST A SOFTHARE 1915 WAIT 
to RDFLNM+279, in the format shown in each Barres ТЕММ Lrt в. 17770 
table 2. Because the buffer area is also used ELICE 08 THF box 6 
to check for errors during а write operation, Е100 С2СЕЕ1 INZ THLP 
а Ч ЕМ? ВӘ СМР н 
as noted previously, the data read from the ELDA СОСЕЕ1 JN2 ThLe 
M 1 EAD? Ca FET 
disk by a call to RED256 should be copied „ТЫІ POUTINE GETS THE CESIPED TRACK «FOUND IN TRAWNT» 
inte another buffer area if the data is to be ELLO ЗАЯБЕ2 = TFKGET LPA ТЕКИНТ , БЕТ THE DESIRED TRACK NUMBEF 
. ELD ЕЕГ ai T 
kept beyond the time of the next data block Expo Fe e jd EPROP 
a 1 M = Le н. 1] 
read ог data block write. None of the 8080 ЕЗЕЗ FE MOV B. M 
registers are sacred during a call to RED256, EMER БЕРЕ mE Wu see 
. is i ELES ЗАВЕТ LDA TRE HT 
and the programmer must take this into БЕРН ten Mis 
account. ELEA F2F1E21 JF TRKGL 
` А ELEC РЕ ипм В. 
The three entry paints described, DKINT, ЕЕЕ Fees pet иге. 
GDWRT апа RED256, are sufficient for all ' TRrGS 
1 . + Е1Е1 3R4"EZ TBETLF LOR TRAVNQ : GET THE PRESENT TRACI SLUMBER 
aperations involved in any data base manage- éira 47 MOV BA O GB IS WHERE WE ARE AT 
ment or operating system which uses the rire ARABEZ we neuer rA [5 WHERE WE HANT TO БЕ 
Ei1F9 Ce RE ; TARA WE ARE THERE 
data block format of lable 2. However, the EIER ESQIET me тын ‚бов THEN GO IH 
i i ini- E1FD CDB3El CALL TRAKOT vė 76. THEN OUT 
personal computing enthusiast (by detini EID сра2ет сны теякот 
tion never satisfied) may wish to use differ- £20? сразы INGIN CALL — TRRKIM 
H f + E20 СЗЕ1Е1 JMP TGETLP 
ent data formats or different disk drives. -THIS POUTINE LAGS THÉ HEAD AND WAITS 28 mS FOR SETTLING 
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Listing 7, continued: 
E202 DBFL HECLOD. In 
E205 ESTU pr 
£2an b3FS OUT 
ЕГОР CQ RHz 
4 CDChEL CALL 
> ChCAEL CALL 
: KOCREL ALL 
са РЕТ 
DEF L ILTOET IN 
Ele Rt] 
LLAEL шз 
АУЕ 2 LOA 
[4-5-4 яні 
17 Muy 
BFL СР ИД 
Een? nnt 
r227El Jnz 
D cur 
FS Rm 
LeFL #112 in 
[ And 
саста: Je 
CITES INF 


46494CAE 
31404558 
Sd 

66 

ce AOD 

© oona 
5909 


na 


91 
б 4EdS4CAE 
alapata 


erTvr 
HF HA 
COMPA EGED 
la Te ESSE 
ок ELSE 
ERMES O25 
E246 
Ds] 


mE 
ЕВГЕ 


FOBIJE 
FERO 
FUPES 
нөн. 
МЕМЕН 0 
INIT 
LORDH 
ОТР 
PODEY 
PEDLO 
PRVLA 
стн 
ҰРТР= 
STEPF 
TLF 
ТЕРМО 
TRKRE 
ЕЕ E 
WCSEL 
WEDRT 
WeT2S 
WPL 


E268 


FOSTAT 
HEADLE 
LOADHE 


ТЕМІ. 
ТЕМ. 
TENMIL 


FOSTAT 
1NDM 

SCTGET 
SECHNT 


-WAIT FUT THE ÍhDE' PULSE 
WET THE CESIFEL SECTOF 


FUSTAT 
ЭПТЕ 
YTLE 
Se TLP 


WAIT FOP ENG: OF SEL TOP FLLEE 


каң, THE FOLLOWING WUZT BE FAN 


* ALL DATA FILES. LIM ЕС ӨР CONTIGUES, SHALL HAVE THE FOLLOUINHG. FORMAT 


ESTEE 
OF TR 
SCTN*T 
FEDTEv 
FOEUF 
TRAE NO 


WPT BIE 
WF ILS 
HPEFLNA 


НЕСЕ 
TFI МЕТ 
ир 
VIF IH Ht 


HECHT 
NECAT 
WRCHES 


ROSIE 
FOF Lal 


ВОСЕМ 
ТЕР PEC 
РЕ НЕ 
RFU 


PONT 
PODAT 
ROD HES 


Hr AT 
CHM ME 


PIPIN n 


Сми 
ОЗЕР: 
ERPED 
FEINN 
ЕСРЕГ 
GCHE1 
HEACL 
lnteé 
INPOF 
LSTOS 
PEZH 
FDFLM 


TRE MIN 
TRILP 
WFWLN 
ЕЕ 
НЕТ) 
TRA 


BYTE 
BYTE 
SYTE 
PVTE 
ENTE 
ЕТЕ 
SYTE 
BYTE 
BYTE 


2915 
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uss Fie ET. 9 BYTES ASC11 FILE NAME ON EACH BLUE 
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The following subroutines, which are con- 
tained in this software, are useful for such 
purposes, 


WRT256 


This subroutine performs all of the write 
operations: generate preamble, sync byte, 
cyclic redundancy calculation, head load and 
seek, and data write, This is all that is done; 
no verify operation is performed, and the 
мге is only performed once per call of 
WRT256. 


REDONC 


This subroutine performs all of the read 
operations: head load and seek, data read, 
cyclic redundancy check generation and 
comparison, Control is returned to the call- 
ing program with the Z flag sel if the 
calculated cyclic redundancy check equals 
the value read from the disk. The read is 
performed only once per call of REDONC, 
regardless of whether the checking informa- 
tion indicates a proper read or not, 


DSKNUM 


In à multiple disk drive system, when 
changing from a read or write operation on 
one disk to a read or write operation оп 
another drive, this routine must be called. 
The number of the next drive to transfer 
data to or from must be in the accumulator 
(a value of 0 to 7) when DSKNUM is called. 
lf the number of the next drive to be used 15 
different from that of the last drive, then 
DSKNUM will unfoad the head of the last 
drive, store the number of the track where 
the head of the last drive is positioned, 
enable the next drive, and recall the track 
where the head of the next drive is posi- 
tioned. 1f the next and last drives are the 
same, no action is laken. 


CHKSUM 


This routine is entered with the HL 
register pair pointing to the first byte of 
some block of data whase cyclic redundancy 
check is to be calculated. The BC register 
pair contains some number from 1 to 
65,536, indicating haw many bytes are used 
in the calculation, The 16 bit check value is 
returned in the DE register pair. The pro- 
gram used Io calculate this binary poly- 
nomial is adapted from the Intel Users 
Library (program 80-41). 


TRKGET 
The desired track, from 0 to 76, is stored 
in the byte labeled TRKWNT. When 


TRKGET is called, the selected disk (selec- 


ted by DSKNUM above) will move its data 
transfer head in or out until il Is over the 
desired track, The desired track number is 
compared to 44, and the proper write 
current is selected on the WRITE CUR- 
RENT SELECT line of the interface. Upon 
returning from TRKGET, the head is at the 
proper track and the required head settling 
time has transpired. Calling TRKGET when 
the head is already at the proper track causes 
an immediate return; this will not signifi- 
cantly slow down the calling program. 


TRAKIN 


Calling this routine moves the data trans- 
fer head of the selected disk inward one 
track and increments the track counter. A 
10 ms track movement delay occurs before 
control returns Lo the calling program. 


TRAKOT 


TRAKOT performs the inverse of 
TRAKIN by moving the head out one track, 
decrementing the track counter and delaying 
10 ms before returning. 


TENMIL 


This is a software delay routine which 
delays 10 ms before returning. When using 
an 8080 or Z-80 system with a faster cycle 
time than 2 MHz, the delay loop counter 
should be changed. Because this software 
will not operate properly in memory with a 
cycle time longer than 500 ns, no values for 
slow memory need be given. 


HEDLOD 


This routine generates a head load pulse 
which causes the head of the selected disk 
drive to be loaded for at least 3 seconds 
folluwing the call to HEDLOD. If the head 
was not loaded when HEDLOD was called, a 
delay of 30ms occurs before control is 
returned to the calling program. If the head 
was loaded when HEDLOD was called, then 
the return is immediate, 


SCTGET 


SCTGET is called with the desired sector 
value in the memory location labeled 
SECWNT. The routine waits for an index 
pulse to occur on the selected disk drive, and 
then counts the sector pulses that follow. 
The first sector pulse following an index 
pulse is the start of sector 0, and the last 
pulse preceding an index pulse is the start of 
sector 31. Control is returned to the calling 
program within 15 to 25 us of when the 
leading edge of the desired sector pulse is 
found. Only registers A and B are used by 
this routine, allowing all other registers to be 
used by the calling program. 


Conclusion 


The software described in this article 
allows the advanced computer experimenter, 
who has implemented the economy floppy 
disk interface, to make good use of his/her 
floppy disk drive(s) for data storage and 
retrieval. These routines have been opera- 
tional for well over one year, and for the last 
ycar, GDWRT, RED256 and DKINT have 
formed the heart of my 4 K byte (including 
data buffer areas) 8080 floppy disk opera- 
ling system. This operating system allows 
machine language programs to be stored and 
relrieved, MITS BASIC programs to be 
stored and loaded (through the CSAVE and 
CLOAD routines), editing of text files (this 
article and my previous one were written 
and edited on the disk system) and batch 
siream processing (by assigning the keyboard 
input to be taken fram a balch stream file 
on the disk). An unlimited number of files 
may be open for input or output simulta- 
neously, requiring only a 280 byte buffer 
area for each file, BASIC programs can 
create, read, write and modify data files in 
ASCII or binary. All files can be specified 
with a 9 letter file name and a disk number, 

The rest is up to you. This sytem can give 
you the extra bil of programming power 
you've been looking for!m 


NOTE: A floppy disk operating system is available 
for use with the interface described in February 
1977 BYTE. The operating system runs in 4 K of 
500 ns (or faster) user memory addressed at DOOQ 


hexadecimal. 


The operating system is available on a diskette 
with two bootstrappable copies of FDOS on tracks 
0 and 1, and the source code for the operating 
system is also supplied on the diskette, 

Programs supplied on the diskette allow the user 
to racontigure the FDOS to use his own 10 devices 
and to store and run any of the users programs by 
пате, The diskette and documentation are avail- 
able for $40 (Ohio residents add 5.596 tax) from 
K B Welles, 2623 Fenwick Rd, University Heights 


OH 44118. 
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Object Code in Machine 
Readable Form 


The bar code represen- 
tation of Dr Welles’ floppy 
disk software is expected 
to be prepared in time for 
the july issue of BYTE, 
where it will be printed as 
а small feature supple- 
menting the information 
in this month's article. 
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DU TRONICS a leader in low cost, low power ram boards has just announced it's Z 80 — 80 


piggy back card. This plug — in board enables you to use your existing IMSAI, ALTAIR CPU card 
and upgrade your system to a Z — 80, 
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The card design is such that all you do is pull out your 8080 and 8212 chips, plug in the Board 
to the 8080 socket itself and the ribbon cable to the 8212. 


A system monitor, on paper tape, is included with the board as well as a 280 Manual and Theory 
of Operation Manual. 


Dutronics will also supply ali additional software at no cost, when it becomes available 


The price is $159.95 (assembled) only. OFF THE SHELF. 


for more information call or write to: 
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SELECT RANDOM 


BUILD NEW 


Artificial Intelligence, 


Part 2: Implementation 


As described last month in part |, there 
are five types of mutations that can be 
performed with the simulated evolution 
technique. A separate subroutine will be 
used for each mutation Lype. Four of the 
subroutines rely heavily on a subrouLine 
which generates a random number between 
limits. (For those systems nol already pos- 
sessing random number generators, а Бол 


MUTATION i; ADD STATE 
[MUTATE SUBROUTINE ] 


so TO 
MUTCHK 
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Figure 1: Mutation type |, 
add a state to the model. 
This routine determines 
if there is room for 
another state. ff there isn't 
enough room the model 
fails, If. there is enough 
room the roue deler- 
mines a new state linkage 
und then builds the пем 
state, This is a component 
of ihe MUTATE sub- 
routine. 
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accompanying this article gives an algorithm 
lo produce pseudorandom numbers by the 
power residue method.) 

Figures | through 9 are flowcharts of the 
basic modules which were extracted from à 
fairly sophisticated system of FORTRAN 
programs. These are intended to serve as a 
starting point for the reader in implementing 
his/her own program. If there is sufficient 
reader interest, | would be happy to program 
and publish program listings of implementa- 
tions for one or more small system proc- 
essors, in any popular computer language. 

The rest of this article then is a descrip- 
tion of the modules used to implement a 
2 symbol gaming program using the artifi- 
cial intelligence technique. If more detail is 
needed Í suggest you look first into the 
book Artificial Intelligence Through Simu- 
lated Evolution by L ] Fogel, A | Owens and 
M | Wash (John Wiley and Sons, 
Mew York, 1966) or send questions 
and a self-addressed stamped envelope to 
me. Although there are many flowcharts and 
the technical jargon may seem complex at 
times, | wish to emphasize that the 
programming is simple and the technique 
can be implemented on апу personal 
computing system with sufficient memory. 


Mutation | — Add a State 


Figure | describes the first mutation 
type. As shown, the number of states is first 
compared to some maximum number, Most 
programs will have a fixed amount of mem- 
ory allocated for containing the model, and 
so a check is made to see if any memory is 
yet available for expanding the model. The 
2 symbol version previously discussed can 
conveniently be implemented using twa 
byles per slate with the maximum number 
of states being 127. The programmer must 
determine Lhe internal representation of the 
model and the amount of memory available 
and then set a variable to represent rhe 
maximum number of states the model can 
hold. 


An Evolutionary Idea 


The random number subroutine is calted 
to provide an iteration counter, This counter 
is the number of randomly selected transi- 
lions that will be pointed at the new state. If 
na transilions were pointed to the new state 
then it would be an impossible state, ie: it 
could never be reached and could contribute 
no value to the modet. Next, random Lransi- 
lions are changed to point to Lhe new state 
which is to be created. Then, the new state is 
created. Finally ISREM is entered 10 remove 
any impossible states from the model. 


Mutation 2 — Delete a State 


Figure 2 describes the second mutation 
type. As with mutation Lype 1, a check 15 
made of the number of stales currently in 
the model. if there is only one state in the 
model, the mutation fails, since to delete the 
state would tolally eradicate ihe model. If 
there i& more than one state Шеп the 
mutation will be able to proceed success- 
fully. 

Next, one of the states in the machine is 
randomly selected to be deleted. The опу 
slate thal cannol be deleted with this sub- 
routine is the state designated as the first 
slate. To delete this state would result in the 
same mutation as mutation type 4 and is 
thus prohibited to this subroutine. 

The actual deletion is accomplished in à 
rather roundabout manner, Every transition 
in the model ts checked to see if il refers to 
the state being deleted. If so, it is repointed 
to some other random state number, The 
result of course is the creation of an Impos- 
sible state, one that cannot be reached and 15 
thus useless to the model. Entering the 
ISREM routine, as explained in the descrip- 
tion of mutation type 1, will remove any 
impossible states from the тойа! and so 
effect the actual deletion of the desired 
slale. 


Mutation 3 — Change a Transition 


Figure 3 describes the third mutation 
type. The model is first checked for having 
more than one state. If there is only one 
state, then all transitions must necessarily 
point to that stale, and so no change can be 
made and the mutation fails. Otherwise a 
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MUTATION 2: DELETE STATE 
[MUTATE SUBROUTINE | 


60 TO 
MUTCHK 


(FIG. E) 


Figure 2: Mutation type 2, delete a state 
from the model, This routine checks to 
make sure thai there is more than one state 
imn the model or else it fails. If there is more 
than one state it deletes all references to d 
randomly. chosen state thereby severing ii 
from the rest of the model This is о 
component af the MUTATE subroutine, 


MUTATION 3: 
RANDOM TRANSITION CHANGE 
[MUTATE SUBROUTINE ] 


GO TU 
MUTCHK 


{FiG. 6] 


Figure 3: Mutation type 3, 
change a transition, This 
mutation will fail if there 
is only one state in the 
model, ff there is more 
than one state a transition 
will be randomly chosen 
und repointed to anather 
state from that to which it 
is presently pointing, This 
i g component of the 
MUTATE subroutine. 


А Pseudorandom Number Algorithm 


1. 


Yast X, a 16 bit variable. If X is equal to zero, 
than set X to any number such as the time of 
day, or some other indeterminate number, and 
repeat step 1. This defines the initial seed of a 
pseudorandom sequence. 


. миру X by 259 to yield new value for X, 


Keap only the 16 teast significant hits of the 
result. Increment X by 1. 


, If X is zero go to step 1. 


4. Divide X by the input argument but do пот 
destroy original value of X, The remainder af 
this result is a pseudorandom number between 
zero and one jess than the input argument. 
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Figure 4: Mutation type 4, 
change the first state num- 


there is only one state in 
іле model. If there is more 
ihan one state the first 
state will be changed to 


апу of the other states. 
This is a component of the 
(Fig 73 MUTATE subroutine, 
{FROM FIG 6) MUTATION & ADVANCE | STATE 
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[MUTATE SUBROUTINE] 


60 TO 
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(РІС 6} 


Figure 5: Mutation type 5, 
advance model by one 


іле first siale is equal to 
the second state. If this is 
not true the first state is 
set equal ta the second 
state of the model. This is 
а component of the MU- 
TATE subroutine. 
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ber. This mutation fails if 


state, This mutation fails if 


random clement in the model is chosen and 
its transition pointer is changed ta point to 
some other state, ISREM must be entered at 
the end of the routine since the changing of 
a transition may have resulted in the cre- 
ation af an impossible state. 


Mutation 4 — Change the First State Number 


Figure 4 describes the fourth mutation 
type. Again, if there is only one stale in the 
model, then it must necessarily also be the 
first state, and the mutation would then fail. 
Otherwise the first state number is set to any 
other slate in the model. Also it is possible 
that an impossible state was created as the 
result of this mutation, so ISREM is entered 
to remove such impossible states, 

Note that earlier discussion described the 
fourth mutation type as changing the cur- 
rent state number of the machine. The 
model must be driven by history from the 
first state when performing evolution, and it 
is seldom possible ta work backwards from 
the current state number to determine the 
first state number, It is practical, therefore, 
to modify the mutation from change current 
state number to change first state number. 
The result of changing the first state number 
will usually end up changing the currenl 
state number. 


Mutation 5 — Advance Model by 
One State 


Figure 5 describes the simple bul power- 
ful mutation type 5, If the first state number 
is equal to the second state number of the 
model, then the mutation fails. Otherwise the 
first state number is set Lo Lhe second stale 
number. 

Earlier discussion of mutation 5 described 
it as advancing the current state number by 
one. As with the case of mutation type 4, it 
is impractical to change the current state 
number directly, so the first state is ad- 
vanced by one and evolution routines des- 
cribed later will run the model over its 
historical recall to result in the current state 
number actually being advanced by one 
stale, 


Mutation Control 


Figure 6 shows the logic involved in con- 
trolling the mutation process. A random 
number is generated and used to select one 
of the five mutation types to be performed. 
Upon return from the mutation routine, a 
check is made for successful mutation. If the 
attempt was unsuccessful, a random selec- 


lion is again made unlit a successful mula- 
lion is finally made. Finally, the routine 
OPTIMIZE 15 used to perform deterministic 
optimization and to assign a value ta Lhe 
modal. 

For these who implement this artificial 
intelligence game and would like to improve 
the intelligence forming process, the muta- 
tion control routine of figure 6 offers the 
greatest potential for improvement. The 
mulation selection process shown is simple 
and effective, but is essentially a brute force 
method. One of the first improvements | 
made lo the program was to allow dynamic 
altering of the probability of selecting a 
mutation type. That !s, if ADDSTATE was 
called successfully and resulted in a model 
with a higher value than before, then the 
probability of selecting ADDSTATE in the 
future was increased slightly. Similarly, if 
any mutation type was performed success- 
fully and decreased the value of the model, 
then the probability of selecting that muta- 
lion Lype again was made slightly less. The 
most sophisticated versions of this artificial 
inteliigence program use the very artificial 
intelligence process to optimize Lhe selection 
of mutation types, thus aiding the evolution 
process, 


ISREM — Remove Impossible States 


Figure 7 describes the subroutine that 
removes impossible states. An impossible 
state is any state that cannot be reached. For 
example, the model: 


QU f=X 


has the impossible state Z. An impossible 
state cannot contribute to the value of a 
model but can hinder the model. If a model 
already had the maximum number of states 
permilted, but five of these slates were 
impossible states, then the ADDSTATE mu- 
talion could not be performed. until sone 
states were deleted to make room. 

The flowchart of figure 7 will not remove 
all impossible states. For instance, if in the 
figure above, the current slate was changed 
from X to Z, then X and Y would now be 
impossible states instead of 7, The sub- 
rouline described will only find those states 
which are impossible solely because they 
cannot be reached from another state of the 
current model. In practice, this has never yet 
failed ta eventually find all impassible states. 
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Figure 6: fhe MUTATE subroutine entry 
point. MUTATE chooses the type of muta- 
Hon that will be performed using a pseudo- 
random number generator, At MUTCHK we 
check to see if the mutation was a success, If 
it wos not then the MUTATE routine con- 
linues by choosing another mutation. (H at 
first vou don't succeed...) If the mutation 
was g success then the optimizalian process 
cleans up the mutation by transforming ft to 
Hs most usable form before returning con- 
trol te ihe main program logic of 
PREDMUT, 
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Figure 7: Routine ISREM 
removes any impossible 
States from the model, it 
performs this by checking 
dll of the transitions to see 
that all of the states are 
referenced at least once. ff 
it finds a state that is nol 
referenced it will inter- 
change that state with the 
fast state of the model and 
delete the last position as 
valid, This is a house- 
keeping component of the 
MUTATE subroutine. 


actual occurrence 
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Figure 8: Routine OPTIMIZE determines 
the optimum prediction for ew i state of the 
new model. fU will Hien evalaate the modet 
using pasi history us u model to determine 
the value of the таен. dhis is the Final 
processing of the MUTATE subroutine ot 
the program. 


Table 1: The miutrix ised 
(o evaluate the optimized 
form of the new mutatum. 
Euch — predicted input 
symbol is matched uyainsi 
the actual input, The value 
for that combination. is 
then added do the total 
value of the model. In itis 
manner thing historical 
methods, Ihe new model 


value13 


valuez25 


valu&a5 


cun. be compared ta the 
older model to see if ff is 
more efficient. 
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Looking 4t the Mfowchart then, the proc- 
ess is simple, First a lable is sel lo sere. 
Every transition is then examined, I the 
head of the arrow points to a different state 
than the tail, then the сеу in the table 
corresponding to the stale pointed tu by the 
head of the arrow is flagged. 

After looking at all transitions, the Lable 
is examined, UF any state in the madel 
remains tinflagged then it is an impossible 
state. H the impossible state is the last slate 
in the model, then ene need only decrement 
the variable denating the number of states in 
the model to resull in the deletion of ihe 
state. Otherwise the impossible state is firsi 
swapped wilh the lust state in. the madel 
before ihe variable is decremented, 


OPTIMIZE — Evaluate New Model 


Figure 8 describes the most important 
segment uf the program. OPTIMIZE per- 
forms the deterministic optimization men- 
tioned previously, and evaluates the model 
with respect to the goal. Optimization and 
evaluation provide the criterta for the evolu- 
Lion selection procedure. 

OPIIMIZE is conceptually simple, al- 
though often large of implementation. The 
model is made to perform with historical 
data. As cach inpul observation is [etched 
and the appropriale transition made, the 
required. output is noted, Thus far each 
transition we have a table of the number of 
times each output should have occurred foi 
periect prediction. The output symbol that 
should have occurred most frequently for a 
transition is then made the output for thal 
transitian. |f the transition was never used 
during this historically. driven run, then the 
transition is made lo output Lhe mast 
frequently occurring output symbol over all 
of history. 

After optimization, the model is rerun 
using the same historical data, Now, Mow- 
ever, ihe optimized model is evaluated in 
terms of ils ability to achieve the soal 
provided. The goal is expressed in a matrix 
of the form shown in table I. 

For each transition the prediction and 
actual occurrence are used to extract a value 
from the table. The sum of these values is 
the value of the model. 

For the purpose of predicting primes, the 
matrix is defined in table 2a, while far 
earthquakes Lhe matrix is defined as in lable 
2b. You see then that each accurale pre- 
diction of an actual earthquake or no earth- 
quake adds 1000 to the value for the model. 
To predict an earthquake when one does not 
occur adds 500 to the value of the model, 


IE yow talk Computers, 


1. MICROPROCESSORS 
Technology, Architecture 
and Applications 

Daniel R. McGlynn 


This book explains how a microcomputer sys- 
tem is built and used, and also provides а 
unique survey of the specific models of micro- 
processors available taday Gives useful actu- 
al applications including automolive, telecom- 
munication, low-cost home computers, 
microprocessor selection criteria, microcom- 
puter system design techniques, a semicon- 
ductar technology review, software and the 
use of development systems. 


(0471 58415-2) 1976 
207 pp $11.95 


2. MICROPROCESSORS AND 
MICROCOMPUTERS 
Branko Soucek 


Here is a complete, detailed text and introduc- 
tion to the field beginning with the basics and 
laking the reader all the way to programming 
Some of the book's features include: 
+ Explanation of digital codes 
* Simple hexadecimal, assembly, and high- 
level programming 
+ Logical systems and microcomputer orga- 
nization 
+ Basics for design and use of microproces- 
sor-oriented systems, and the replace- 
ment of powerlul minicomputers wilh the 
microchip set 


(0.471 81391-5) 
607 pp $23.00 


1976 


3. COMPUTER-AIDED 
EXPERIMENTATION 
Interfacing to Minicomputers 
Jules Finkel 


Providing practical guidance on all major 
topics needed in inlerface specification and 
design, this book shows you how to connect 
scientitic instruments and experiments to 
computers and to analyze suggested criteria 
for (he selection of system elements. Offers 
many examples o! practical connections and 
how to overcome problems that are common- 
ly encountered 


(0471 25884-9) 
422 рр 528.00 


1975 


Cucle 214 on inquiry card, 


awe Speak gm = 
langnage. 


4. INTRODUCTION TO 
MICROCOMPUTERS AND 
MICROPROCESSORS 
Arpad Barna & Dan I. Porat 


Presents a concise, basic introduction lo 
microprocessors—whal they are, how they 
work, and how to read the applications litera- 
ture You'll find descriptions of Ihe basic 
structure of a microprocessor, arithmetic 
operations and circuils, basic programming 
techniques, and information on input/ output 
memory, assemblers, loaders, data struc- 
tures, and subrouline linkages 


(0 471 05051-2) 
108 pp 


1976 
$11.25 


5. MINICOMPUTERS IN DATA 
PROCESSING AND SIMULATION 
Branko Soucek 


Explores basic principles of digital codes and 
logical systems, concentrating on program- 
ming, organization and interfacing. Soucek 
explains the elements of digital circuit design, 
the basic instruction sel for a minicomputer, 
and data simulation necessary to design arid 
use your digital systems 


(0471 81390-7) 
467 pp 


1972 
$24 50 


WILEY-INTERSCIENCE 

a division ot John Wiley & Sons, Inc 

605 Third Avenue, New York, N. Y 10016 
In Ganada: 

22 Worcester Road, Rexdale, Ontario 


6. APRACTICAL GUIDE 
TO MINICOMPUTER 
APPLICATIONS 

Edited by Fred Coury 


Bringing together the work of leading experts, 
this volume provides information and 
examples of Ihe application of minicomputer 
techniques, what is actually involved in Ihe 
application and how to go about the selection 
and connectron process. The five parts 
include an introduction to minicompulers 
peripheral and software considerations, mini- 
computer selection, general applications and 
specific application 


(0.471 18051-3) 
211 pp. $6.45 


1972 


7. SCIENTIFIC ANALYSIS ON 
THE POCKET CALCULATOR 
Jon M. Smith 


Smith shows, in clear step-by-step proce- 
dures, how lo use and apply numerical tech- 
niques, approximations, tables, graphs, and 
flaw charts far pertorming quick accurate cal- 
culations, all the way to advanced mathemat- 
ics. Using tew derivations and Iheorerms, it's 
the best book for getting numerical results tor 
scientific operations from your pocket calcu- 
lator 


(0471 79997-1) 
380 pp $13 75 


1975 


Please send the books indicated for 10-DAY FREE EXAMINATION. (Restricted to Ine 


continental U.S. and Canada.) 
Mail to. WILE Y-INTERSCIENCE 


PO Box 092 
Somerset, N.J 08873 


D Payment enclosed, plus sales tax Wiley pays 
postage / handling. We normally ship within 10 


days. If shipment cannot be made within 90 
days, payment will be refunded 
O Bilme. 11 Bil firm oc institulion 
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Figure 9: This is the main 
control logic of the simu- 
fated evolution technique. 
it first builds a dummy 
model, predictis an event, 
and receives the response. 
it then performs repeated 
versions and variations of 
the model looking for the 
optimum model to predict 
the correct answers. 


(a) 


prediction 


not prime 


(6) 


prediction actual 
earthquake no earthquake 
earthquake 500 
no earthquake 1000 


PREOMUT MAIN PROGRAM 


MAKE 
PREDICTION 


GET 
RESPONSE 


ADVANCE MODEL 
ONE STATE 


ORIGINAL 
MODEL 


CALL 
MUTATE 


(FIG. 61 | PIECES OF MUTATE | 
[HN 


MUTATION 
BETTER 
p 


REPLACE 
ORIGINAL WITH 
MUTATION 
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Table 2; Two tables which jilustrate ex- 
amples of goals used to evaluate the models 
using historical data methods. Table 2a 
shows that when a correct guess of either 
prime or not prime is made a value of 1 is 
added to the total value of the state. Table 
2b illustrates another manner of weighting 
answers, A correct answer receives a weight 
of 1000. Predicting an earthquake when 
there isn't one only adds a weight of 500 to 
the model. Not predicting an earthquake 
when there is going to be one adds nothing 
to the model. This is a more subtile farm of 
weighting since it not only allows a good and 
bad answer but also a not so good answer. 


while missing an earthquake prediction adds 
nothing to the value of the model. 


PREDMUT — Putting It All Together 


Figure 9 shows the mainline logic for the 
program, The flowchart should be obvious 
except perhaps for the use of the terms 
search limit and generation limit. 

In order to prevent the evolution proce- 
dure from taking hours or days, it is con- 
strained as to how long it can take. Each 
time an eyolulion cycle must occur, Two 
variables are set. The search limit variable 
defines the number of times the parent may 
be serially mutated when searching for à 
better offspring. The generation limit vari- 
able defines [һе number of offspring to be 
generated. 

The result is that a fixed number of 
offspring are generated. Further, each off- 
spring can undergo a maximum series of 
mutations, since it is seldom that a single 
mutation results in a better model. To make 
the program more intelligent, one can in- 
crease these limit constants, but the result is 
a greater amount of computer time required 
between responses, 

Again, for those adventurous program- 
mers who want to make their programs even 
smarter, other methods can be employed to 
determine dynamically how many offspring 
and how many mutations are to be per- 
formed. There are other advanced evoiu- 
tionary techniques that can also be em- 
ployed. Interbreeding, majority logic and 
second order pattern recognition are just a 
few terms describing the advanced tech- 


niques available in computer science 
literature. 


In Conclusion 


If you have the patience, sil down with a 
pencil and paper and attempt to perform the 
process I’ve just described. Many mathemati- 
cal books and papers contain random num- 
ber tables you can use. As a result you 
should quickly see how this mathematical 
technique results in the creation of a model 
of some process. From there it is relatively 
simple to program. 

Do not be afraid to try your own 
improvements, but do so intelligently as you 
get a feel for the underlying processes. The 
process described herein is the basis for 
many computer versions of this artificial 
intelligence technique and has worked with 
varying degrees of success for a wide variety 
of goals. ! might conclude from personal 
experience: Be careful how and Lo whom 
vou expose this technique. There are many 
people who fear computers as they fear 
anything they don't understand and their 
enthusiasm for your creation may not match 
yours. With a good enough program model, 
however, you should be able to predict who 
these people will be. [Hmm . . . our artificial 
life has defense mechanisms. |в 


Th 


spina 8 


ACT-I set 


Circle 136 on inquiry card. 


SOFTWARE 


Ail programs include: Complete assembler source listing, 
sample output, hex dump, sorted symbol table, plus com- 
plete instructions and thorough documentation. 
Text Editing System for 6800. The best! SL68-24 $23.50 
NEW Mnemonic Assembler System lor 6800. 
SL68-26 $23.50 
NEW Stack Oriented Arithmetic Processor 
(6800) SL68-25 $10.00 
NEW 8080 Klingon Capture Space game. SL80-7 $6.50 
Special Game Packages Each containing 6 programs: 
8080 PD80-1 $19.95. 6502 PD65-1 $19.95. 
6800 PD68-1 $16.50 
Complete 6800 Software Pack 16 programs. 
PD68-3 $35.50 
Battleship for 6800, like the board game. SL68-22 $8.00 
Space Voyage'* T5C's 6800 Star Trek game. 
SL68-5 $12.00 
Micro BASIC Plus The best 6800 “Tiny BASIC” 
SL68-19 $15.95 
Diagnostics for 6800. Very Important! SL68-23 $10.00 
Stock Market for 6800. Lots of fun! SL68-7 $4.25 
Complete Catalog oí all of our programs. $.25 
Program-of-the-Month-Club™ Join the hundreds of 
hobbyists already enjoying this service. No obligation 
and no time valued cards to return. Discounts offered. 
One year for $2.00 
To Order: Include 3% postage, $1.00 handling on 
orders under $10.00. Indiana residents add 475 sales tax. 
Check vour dealer! 


TSC TECHNICAL SYSTEMS CONSULTANTS 
BOX 2574 W. LAFAYETTE, INDIANA 47906 


s the standard for Affordable 


Computer Terminals. The ACT-I is the mos 
economical method of alphanumeric com 
munication at data rates all the way to 19200 

baud. The ACT-I video computer terminal — 
manages a 1024 character memory orga- 
nized as 16 lines of 64 characters chosen ' 
from the standard uppercase ASCII set. Re 
ceipt of more than 64 characters automati 
cally scrolls the screen and initiates a new line 


The ACT-| comes full 
assembled and tested. — 
MICRO-TERM products | 
are available in stock at^ 
discriminating compute 


stores or factory direct à 
(30-45 days). Optional. 


video monitors are avail 


able from the factory be- | 
ginning at $125. Ргісеѕ 


FOB Louis, MO. E] 


с у сс" 


MICRO-TERM INC. | 


PO. BOX 9387 
ST LOUIS. MO 63117 


CTIO 
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I/O SPECIFICATIONS 
(now switch selectable) 


110, 300, 600, 1200, 


_ 2400, 4800, 9600, 
ог 19200 baud 

. Parity: 

; odd, even or none 


Stop bits: 1 or 2 


Logic Levels: 

RS232, TTL, source or 

sink 20 ma loop 

Price: 

$400 excluding monitor | 
Optional features: the ad- | 
ditional functions of cur- 
sor forward, backward, 
bell, screen roll up and | 
roll down are available © 
for $50. 


"АСТА ON 


Circle 77 on inquiry card, 


Circle 205 on inquiry card, 


THE PROM SETTER 
WRITE and READ 
EPROM 
1702A and 2708 
Plugs Directly into your ALTAIR/IMSAI Computer 
Includes Main Module Board and External EPROM 
Socket Unit 


The EPROM Socket Unit is connecled to the Com- 
puter through a 25 Pin Connector 


Programming is accomplished by the Computer 


Jus! Read in the Program to be Writlen on the 
EPROM into your Processor and lel the Compuler 
do the rest. 


Use Socket Unit to Read EPROM's Contents inta 
your Computer 


Software included 


Ма External Power Supplies, Your Computer does 
il all 


Programs and Reads Both 1702A and 2708 EPROMS 
Doubles as an Eight Bit Parallel 1/0 
Manual included 


KIT COMPLETE — $165 
ASSEMBLED — $275 


Delivery Less Than 69 Doys 


SZERLIP ENTERPRISES 
1414 W. 259th St. — Harbar City California 90710 


California residents please add 6% sales tax. 


21 START-AT-HOME 
COMPUTER BUSINESSES 


in the shoestring, start-at-home 
computer business hand book 


CONSULTING @PROGRAMMING @SOFTWARE PACKAGES @COM 
FREELANCE WAITING @SEMINARS @ TAPE/DISC CLEANING 
FIELD SERVICE @ SYSTEMS HOUSES @LEASING@SUPPLIES 
PUBLISHINGG TIME BROKERS & HARDWARE DISTRIBUTORS 
SALES AGENCIES Ф HEADHUNTING A TEMPORARY SERVICES 
USED COMPUTERSG FINDER'S FEESG SCRAP COMPONENTS 
COMPUTER PRODUCTS AND SERVICES FOR THE HOME 


Pius - - hundreds of ideas on 
зна жерО moonlighting, going full-time, 
rane 49 oi image building, revenue building, 
[жаш bidding, contracts, marketing, 
Thanet ик professionalism, and much more. 
No career planning tool like it 
ever published. Order now and if 
you're not completely satisfied, 
send |t back within 30 days for 


^ a Full and immediate refund. 


ФЗ: 4 11 ctngbound Ф113 pp. @ 512.00 


D А T A Б Е A R C H 730 WAUKEGAN ROAD + SUITE 108 


ызага DEERFIELD, ILLINOIS 50015 

Rush copies of "The Shoestring Start-At-Home 

Computer Business Handbook ta me right away - 

НАМЕ /COMPAHY 

ADDRESS 

CITY/STATE/ZIP 

[Icugck ENCLOSED[ ]BANKAMERICARD[( JRASTERCHARGE 
4 
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Clubs sad 


Newsletters 


KIM Users Notes 


Owners of KIM microprocessors should 
look into K/M Users Notes, published 
monthly by Eric C Rehnke, Apt 207, 7656 
Broadview Rd, Parma OH 44134. The sub- 
scription rate is $5 for the first six issues, 


Alberta Microprocessor 


David Lavers, a member of the recently 
formed Alberta Microcomputer Society, has 
been in touch, Right naw information at this 
end is a bit sketchy, but you can Tind oul 
more through their acting president Dwighl 
K Soloman, c/o The Computer Hobby Shop, 
4812 16th St SW, Calgary Alberta CANADA 
T2T 4/5, (403) 243-6776. 


Diablo Professional Users Group — 
Pleasant Hill CA 


Here's a unique idea for a computer club. 

The word professional in this case in- 
cludes two categories: the computer novice 
who is an expert in another field, and the 
computer experl who can provide answers to 
the first group. This is an opportunity for 
budding technical types to get in on the 
ground floor of microcomputer consulting. 
The beginners include a wide spectrum of 
industries and professions. Anyone from the 
high school! level up, with several years 
experience with hardware and/or software, 
can consider himself or herself an expert. 

Meetings are held in the Diablo Valley 
College library's large conference room from 
8:00 1o 9:00 PM on the fourth Wednesday 
of each month. Diablo Valley College is 
located near the Willow Pass exit of Freeway 
680. For details write or call Bob Hendrick- 
son, Electronics Dept, Diablo Valley College, 
Pleasant Hill CA 94523, (415) 687-8373. 


South Florida Computer Group 


The South florida Computer Group has 
apparently grown to the status of a major 
computer club. Meetings are held in both 
Miami and Ft Lauderdale. Meeting times 
seem so flexible that it would be best to 
contact them directly lo get their schedule, 
Their newsletter //O has improved substan- 
tially over the past six months to the point 
that it is far more than just a review and 


listing of club events. Volume 2, number 2 
contains an in-depth look at resistors and 
capacitor color codes, and a piece on the 
new "minor loop" chips designed by Texas 
Instruments to be used with bubble memor- 
ies. 

To contact the South Florida Computer 
Group, write 1155 NW [4th St, РОВ 
236188, Miami FL 33123, or phone (305) 
324-5572. 


Looking for Computer Games? 
Try POPULAR COMPUTING 


POPULAR COMPUTING is a monthly 
compilation of computer games, puzzles and 
brain twisters. Most of the programs are 
fairly short, perfect for whiling away a spare 
afternoon. Among the games is up-to-date 
information on the micro field and a regular 
feature called "Schwartz on Calculators." To 
subscribe, write POPULAR COMPUTING, 
POB 272, Calabasas CA 91302. Subscription 
rate is $20.50 per year, or $17.50 if remit- 
tance accompanies the order. Add $1.50 per 
year for Canada and Mexico; all other 
couniries, add $3,50 per year. Back issues 
are $2.50 each. 


The Computer Hobbyist Group — 
North Texas 


The Computer Hobbyist Group of North 
Texas is the place for computer buffs in the 
Dallas-Fort Worth area to develop and share 
an understanding of the hobby, 

Meetings are held regularly at the Univer- 
sity of Texas, Arlington, and the University 
of Texas, Dallas. Contact the Computer 
Hobbyist Group of North Texas at 2377 
Dal worth 157, Grand Prairie TX 75050. 


ON LINE — Hardware and Software 
Exchange 


ON LINE is a newsletter strictly limited 
to classifieds for computer hobbyists. You'll 
find page after page of hardware and soft- 
ware available to buy, sell or swap. A great 
place to find a bargain or an odd item. 

ON LINE is published every three weeks. 
Four issues аге available for $1, 18 for $3.75 
and 36 for $7. For advertising rates and 
other information, get in touch with D H 
Beetle, publisher, 24695 Santa Cruz Hwy, 
Los Gatos CA 95030. 


Chicago Area Computer Hobbyist Exchange 


Looking through The Register, news- 
letter of CACHE, | came across what may 
prove lo be an interesting series on lan- 
guages. In the coming months Fhe Regis- 
ter is planning on a series of articles on 
BASIC, PL/I, SNOBOL, PASCAL, PILOT, 


FORTRAN, LISP, TRAC, CASUAL and 
FORTH. This should be a step toward 
clearing up language questions and miscon- 
ceptions, Write to CACHE ar РОВ 36, 
Vernon Hills IL 60061. The Register is 
available for $10 per year. 


Washington Amateur Computer Society 


The Washington Amateur Computer 
Sociely is a growing group of hobbyists in 
the nation's capitol, Meetings are held on the 
last Friday of the month in the second floor 
conference room of St John's Hall at the 
Catholic University of America. WACS is 
interested in exchanging newsletters with 
olher computer groups. Correspondence 
should be addressed to Washington Amateur 
Computer Society, c/o 4201 Massachusetts 
Av, Washington DC 20016," 


Conducted by 
Peter Travisano 


BYTE's wide readership 
gives your club a unique 
opportunity to reach 
thousands of hobbyists. tf 
you'd like to help your 
club develop or maintain a 
high profile, put us on 
your mailing list. Informa- 
tion about new clubs is es- 
pecially welcome. Address 
vour correspondence to 
Clubs and — Newsletters, 
BYTE Publications Inc, 
Peterborough NH 03458. 


Introducing Equinox 100™ 
computer kit 


EQUINOXLIOO 


! 
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§ 
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THE FRONTRUNNER 


Equinox 100™is the 8080 CPU / S-100 Bus computer kit that's 
years in front of Altair* and IMSAI in design, function and front- 
panel programming capability. Equinox 100 is easier to build, 
easier to program, easier to expand in the future and complete- 
ly debugged right now. After all, it's from Parasitic Engineering, 
the leading supplier of debugging kits for the Altair* 8800. Be- 
fore you invest in any micro-processor kit, discover the new 
Equinox 100™ At $699, it's clearly The Frontrunner. Write for 
free specs to Parasitic Engineering, P.O. Box 6314, Albany, 


CA 94706. 


FOUINOX 100 


The Frontrunner from Parasitic Engineering 
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THANMAMERICAROI 
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| *A trademark of MITS Inc 
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Your single source for the most advanced S-100 
componenis available: 


ж Guard your Altair , 
IMSAI or custom system 
againsl program crashes 
with CONSTANT VOLT- 
AGE POWER SUPPLIES, 
special 12 and 20-amp 
models from Parasitic 
Engineering. * INTE- 
GRATED CPU/FRONT 


* WiinderBuss with Noise- 
guard™ js the only 20-slot 
S-100 bus-board with two- 
way squelching. x TOTAL 
I/O BOARD for $120! 3 
cassette channels with 
control, RS232/TTY port, 
parallel port, memory, 
* Write for specs. 


PANEL vives you access 


to all 8080 registers, I/Os Thinker 


and memory from octal 


keyboard and digital LEDs ger 
...bv Morrow Micro-Stuff. 94707 эы 


photo = couriess Peter Hollenbeck Нут Shop Berkelos 


STATE OF THE ART 
BOTH FORMS 


There are two forms of the "state of the art." One form is the 
persona! growth attained by most professionals who realize they 
must stay in step, intellectually, with new concepts and new 
techinques. Too often, a tragedy occurs when the professional 
neglects the second form, his career development. The fatal mis- 
take occurs when working in an environment that provides a 
continuous parallel to industry but neglects to provide the pro- 
fessional growth that is necessary to insure career development 
and avoid potential future frustrations, To insulate yourself 
against this happenstance, check with our professional staff. 
They will advise you on your career development as it relates to 
your technical development. 


Our areas of specializatian are: 


Software Development 
Computer Graphics 

Data Base 

Computer Design 

Simulation and Modeling 
Telecommunications 
Hardware/Software Interface 


For further information either call or send resume to: 


PERRI-WHITE ASSOCIATES 
50 FRANKLIN STREET 
BOSTON, MASS. 02110 PERRI-NHITE & ASSOCIATES, INC. 
(617) 423-1900 5373 W. ALABAMA PLACE 
HOUSTON, TEXAS 77056 
(713) 960-0350 


Management Consultants 
Specializing in Data Processing/Systems Engineering 
Atl Replies Held In Strictest Confidence 
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Continued from page 74 


blasted- IV bytes, They are great if you never 
want to do anything fancy, but . . . . With the 
bus address coming from an extended micro- 
code, one may simply decode а la 8080 and 
use 8212s as your IO ports. Also note that 
for some instructions there are free bits, 
ideal for adding instructions. 

Interrupts will be painful, as the system 
doesn't have a stack, unless you use one of 
the aforementioned free bits to implement 
one (hint, hint). 

My reaction to your suggestion aboul 
emulation of a 360 is unprintable, / Quite 
reasonable evaluation... CH} If you must, 
however, don't do it with the 8X300. Use 
Motorola's 10800 series. it's faster (50 ns, 
YES, 50 ns), and in the end would be less 
work. See, it's optimized for 360 type 
systems. Leave the 8X300 for the job it was 
designed for, a microcontroller. 

Which gets around to the point of this 
letter: As a controller, the 8X300 is unbeat- 
able. You neglected to mention what 1 
consider 10 be the best feature of the system 
(after its speed). Every instruction operates 
on a bit string. You specify the starting bit 
and the length in bits of the field in the byte 
that you want the instruction Lo operate on. 
One can also do n bit rotates on any register 
to register instruction. Thus, you can add 
two registers and rotate right n bits in 250 ns 
or move bits 5 to 2 from memory to IV byte 
bits 7 to 4 without affecting the rest of the 
bits. This applies to all instructions. Thus, 
the 4 port kit can easily act as a front end 10 
a busy computer for 8 Teletypes. Or con- 
sider a floppy disk. At double density, the 
bit transfer rate is 500 kHz, or a bit every 
2 us, or abitevery 8 instructions, Actually, as 
shift registers are so cheap, one might as well 
use them and free the microcontroller for 
other tasks like file handling. | have SMS's 
floppy disk controller interfaced to my 
8080. At $640 it's not cheap, but they do 
provide the address and data bus on connec- 
tors for "maintenance." They are rather 
tight with the source code in the read only 
memories, though. It would be nice to have 
a parallel processing floating point processor 
when not doing disk transfers, particularly as 
it is practically free. 

In short, the hobhy world should Lake a 
long look at this device. But keep in mind 
that it was designed as a controller, not a 
computer. lis architecture is optimized as a 
bit banger, and it does that superbly. As an 
emulator, it's the pits: Use a 2901 and a 
2909, or any of the other bit slices and save 
yourself a bunch of time, trouble and hassle. 
Do use the 8X300 as a peripheral controller, 


top values, . 
professionalism 


Computerland stores 
are exciting, enjoyable 
places to visit. From the 
striking decor to the fun 
and challenge of the 
Computerland™ Game 
room, you'll find 
Computeriand stores a 
completely new 
shopping experience. 


You can count on 
Computerland stores for 
total professional 
support whether your 
needs are those of a 
computer hobbiest, 
education, science or 
business user. The 
skilled, management. 
trained staff offers 
knowledgeable service, 
expert maintenance, 
and software guidance. 


breadth of 
products 


At Computerland stores 
the emphasis is on 
quality products. Major 
brands like Cromemco, 
DEC, Diablo, IMSAI, 
Lear Siegler, 
Polymorphic Systems, 
TDL and Vector 


Graphics to name a few. 


Every store is 
completely stocked with 
tools, books and a 
broad range of 
accessories. 


Franchise Opportunities 
available — Contact: 


Ed Faber, President 


Computerland Corp.™ 
1922 Republic Ave. 
San Leandro, CA 94577 
{415} 895-9363 
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beginners 
welcomed 


Do you want to get 
started with 
microcomputers? Are 
you seeking expert 
guidance on computers, 
peripherals, software? 
The place to visit is 
your nearest 
Computerland. 


Watch for a 
Computerland store 
opening near you soon. 


now open: 
DeHart Street 
Morristown, NJ 07960 
(201) 539-4077 
6840 La Cienga Blvd. 
Inglewood, CA 90302 
(213) 776-8080 
813 B Lyndon Lane 
Louisville, КҮ 40222 
(502) 425-8308 
104 W. First Street 
Tustin, CA 92680 
(714) 544-0542 
24001 Via Fabricante 
Mission Viejo, CA 92675 
(714) 770-0131 
22634 Foothill Bivd. 
Hayward, СА. 94542 
(415) 538-8080 
Opening Soon: 
Chicago, ILL. 
Gaithersburg, MD 
San Diego, CA 
Buffalo, NY 


in February 1977 BYTE, 
page 132, we published 
ип article by Charles 
Howerton, giving the soft- 
ware of a package of utility 
routines for an 6080 pra- 
cessor. foseph Newcomer 
of  Carnegie-Mellon Uni- 
versity sends along this 
critique of the methods 
of coding the BARC rou- 
tines. ff should be noted 
that within the context 
af an interrupt free single 
process | computer, the 
BARC routines will work 
as described. The subtleties 
nccur in cases where inter- 
rupis are allowed or ane 
desires to put the program 
into wrile protected. or 
read only memory regions. 


floppy disk controller, unibus to Altair 
Address mapper, DMA IEEE-448 hus inier- 
face, data acquisition controller, etc. I you 
use it lor ils intended purpose, you cannot 
he anything but delighted. 

Finally, a note about Scientilic Micro 
Systems, They are the only company to 
provide really complete documentation, 
Their products work as advertised. They 


gave me the shirt aff their backs in helping 
with the nuclear instrumentatton. IL is truly 
refreshing ta deal with such a company. | 
urge you to drop them a note as the 
microcontroller is only one of a large group 
of components ihey make, All are so 
pleasant lo use, you kind of forget about 
them, which is the highest compliment | 
know how to give lo an IC. 


A Critique of Self-Modifying Code 


Joseph M Newcomer 
Computer Science Dept 
Carnagie-Mellon University 
Pittsburgh PA 15213 


Mr Howerton's article in the February 
BYTE would have performed à much greater 
service Lo the community of programmers if 
he had coded it to allow recursion and pro- 
vided a few extra items of documentation. 
After having expended a great deal af effort 
and cleverness to fit his code into 256 bytes, 
he then compromises reliability by having il 
modify itsell. The concept of code modity- 
ing itself is undoubtedly Ihe worst single 
idea thal neaphyle programmers fall in love 
with, Since the mast obvious thing in the 
world is to таке his BARC package and pul 
it in a PROM, my first critique is that he has 
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carefully made sure that is not posible! 
Nol anly is self-modifying code useless in 
the ward of read only memary, but ex- 
perienced programmers know that code 
which modifies itself is inherently harder to 
debug. 

| should Hike to offer the obvious solu- 
tion: Instead of storing the dispatch address 
in line in the cade, store it out af line in the 
writable programmable memory. Thus, one 
must reserve a certain. number of bytes for 
this address. However, since попе of the 
routines in BARC call one another, only 
one dispatch address area is required. Then 
one only need do a "call indirect” through 
this address. Of course, the 8080 does noi 
have a call indirect instruction, so one has 
iu fake it; use a 3 byte dispaich area, and 
make the first byte the op code of a {MP 


MAKES YOUR JOB EASIER! 


MAIL TODAY OR CALL ORDER DESK (213) 986-6958 


CHECK МО ENCLOSED! П BANKAMERICARD|] MASTER CHARGE i © 


——————————————————— | 


instruction. This is, of course, “modifying 
code," bur al least we now have the ability 
to pul the program in read only memory. 


wrileable space: 
GODO JMP Q'000000' 
rom, typical call: 

SHLD GODO-*1 


CALL 6000 


Now, as 1o Ihe issue of insufficient 
documentation: The functional documenta- 
lion is quite clear, but the crucial piece of 
information that | find ta be missing is that 
the routines in the BARC package should 
never be called from an interrupl service 
routine. This is because the routines are not 
reentrant (and my proposal of the dispatch 
vector ín programmable memory does not 
change this); if they are active when an inter- 
rupt is taken, and the interrupt service calls 
them, the dispatch address will be changed. 
Consider the following sequence (events are 
listed). 


CALL OCHR 
CALL DASXR 


CALL DASNT 


«interrupt? -——- = = 

о = 

LI ar e c 
CALL XCHR 5 6 
<return fram XCHR> о 2 
«return from interrupt> S 5 


DASFC: CALL «something» 


where «something? is expected lo be 
OCHR but in fact is XCHR, The difference 
in time between the setting of the dispatch 
address and the use of it is (if | counted cor- 
rectly) 235 machine cycles: a very, very long 
lime. Furthermore, this sort of bug is nearly 
impossible to locate ai the "lights and 
switches” level because the act of single- 
stepping changes the relative timings and 
the error will not occur, Using a debugging 
system may have the same effect, and if it 
is a hamebrew debugger which would use 
BARC, then it would destroy the very in- 
formation it was trying to analyze. Abso- 
lutely nowhere in the article could | find any 
warnings about this! Only my experience 
was an indicator: Whenever static data, either 
code or atherwise, contains state informa- 
tian, loak for cases in which routines which 
use il can be called recursively. Note that 
recursion does not have to be explicit; 
calling a routine fram interrupt level where 
the routine was active at the Lime the inter- 
rupt was taken constitutes a recursive call, 
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The use of a single dispatch vector does 
make it possible, with care, to use BARC 
from an interrupt routine. Before invoking 
any BARC routines, push the current dis- 
patch address onto the stack; after using 
BARC, pop it off. If BARC was active, 
the program has correctly preserved state; 
if not active, anly a few cycles have been 
last. 

The requirement that the parameter 
lists be in line also seems to be a bad choice 
to me; it would be much better to simply 
store a pointer to the parameter lists, or 
even better pass a pointer in a register. 
Since speed was not of the essence and size 
was, it seems to me that something which 
reduces the size of the code at the call site 
would be more desirable. Furthermore, if 
the addresses or values of the parameters 
must change, in line parameters force the 
user to write self-modifying code. This 
means that the user cannot, after having 
developed some neat system, convert it ta 
a PROM region of memory. 

A good criterion for evaluating a program 
is: Can it be put in PROM? If, after separating 
oul the data areas, it cannot be put in 
PROM, then from my experiences | consider 
it to be badly written, no matter how useful 
or amazing its functions may be, Then ask: 
Can it be called recursively? If not, do not 
call it from an interrupt routine if it can ever 
be called from outside an interrupt routine. 
And don’t forget multilevel priority inter- 
rupts, which are very easy to handle on 8080 
architecture. Do nat call the routine from 
outside an interrupt context if it can be 
called from within one, which is the com- 
plementary condition, Note that these are 
not always obvious errors to detect, since 
the interrupt routine may call something 
which calls something which eventually calls 
something else; and one day the "something 
else" is modified so that it calls one of the 
nonrecursive routines. The scenario is now 
set for disaster: Let an interrupt come in at 
the wrong time and you are set for a long, 
tedious and probably unrewarding debugging 
session attempting to locate a source of 
"random" behavior. 


Charles Howerton Replies 


In response to the critique of BARC hy 
Mr Newcomer of Carnegie-Mellon Univer- 
sity, ! should like to begin by saying that ! 
agree with his comments without equivo- 
cation for the environment which he hy- 
pothesizes. | also agree that the concept of 
modifying running code is very "hairy." 
However, even Mr Newcomer's proposed 
"fix" requires the modification of running 
code, 


The BARC routines were written for 
newcomers to the computer programming 
field. it has been my experience thai the 
greatest problems the beginner has in writing 
programs are manipulating the registers 
(hence, the register preservation facilities of 
BARC), and writing routines containing 
loops which are designed to perform the 
functions provided by BARC. 

in addition, the newcomers to home 
computing or even industrial or business 
computing are rarely faced with program- 
ming an 8080 or Z-80 which is loaded with 
interrupt generating hardware. Those of us 
whe work with interrupt driven hardware 
(and | do) would not use BARC for the 
simple reason that we are, presumably, 
sufficiently talented in programming arts 
that the creation of routines to perform 
equivalent functions is trivial. 

As for embedding the parameters in line 
with the code, the one type of code that the 
average beginner writes well is straight line 
code with a few conditional jumps where 
decisions are required. Also, this is a fairly 
standard practice in large machine operating 
systems. Relative to the comment, "... if 
the addresses or values of the parameters 
must change " what is the difference 
whether they change in a work area or in the 
in line code? They must still be changed! 

BARC was not designed to be culled 
recursively; it was designed to be used us a 
programming too! by someone who was 
using straight line code to solve a problem. 
As for debugging it: it works, 

Could BARC have been written io meet 
all of Mr Newcomer's criteria? Undoubtedly. 
However, not nearly as many functions 
could have been included in the same 
Space. 


Charles P Howerton 

Digital Group Software Systems Inc 
POB 1086 

Arvada CO 80001 ш 


Thanks to Charles Howerton 
For BARC 


Thanks for the Howerton article in your 
February 1977 issue, page 132, "Add Some 
BARC to Your 8080." Now J can finally get 
rid of the needless duplication and generally 
sloppy coding of utility routines in my 
programs and turn the job over to BARC. 
What a great time and memory saver! 


D M Beil 

Vice President, Engineering 
Handi Kup Company 

195 Tamal Vista 

Corte Madera CA 94925 m 
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Microprogramming 


REGISTER 
FILE i2) ADD 


ARITHMETIC 
LOGIC UNIT 
(3) ACCUMULATOR 
TEMPORARY 
STORAGE 


OR REGISTER В ~ 
(1) TEMPORARY 


RESULT 
-— REGISTER В 


ACCUMULATOR 


REGISTER B 


Figure 1: A block diagram with time notations for a sequence of events that 
might occur in a simple machine instruction such as: Add accumulator to 
register B. First (T) register B is put into a temporary storage area. Then (2) 
thís storage area and the accumulator are added together by the arithmetic 
logic unit. The resulting answer (3) is stored in the accumulator or register В. 
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Figure 2: Block diagram of the architecture of a typical bus oriented digital 
computer. 
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What is Microprogramming? 


When we consider the operation of a 
simple machine instruction, like add асси- 
mulator to register B on some computer, we 
often find that there is a sequence of even 
more elementary operations invalyed. For 
the example given, we may first have a 
transfer of data in register B to some tempo- 
rary register in the arithmetic logic unit. 
Next, we may then perform an addition 
operation and finally, return the result of 
the operation to either the accumulator or 
register B, Figure 1 illustrates this sequence 
of operations. 

Wilkes, an early pioneer in the field of 
computer design, called these elementary 
operations ‘“‘microoperations.”’ (See ref- 
erence 1.) By this token, a single machine 
instruction, like the add described above, 
would consist of a microprogram of these 
microoperations. Microprogramming is, 
then, the implementing of control logic 
for a computer's instruction set through 
the ordered storage of processor control 
information. 


Microprogrammable Computer Organization 


Figure 2 is a simplified block diagram of 
the architecture of a digital computer. The 
organization of a micreprogrammable com- 
puter differs from that of a nonmicropro- 
grammable computer in the design of the 
contro! unit. The nonmicroprogrammable 


machine uses a hardwired conlrol unit, All 
control lines are fixed and cannot be changed 
easily. On the other hand, a microprogram- 
mable machine uses a changeable micropro- 
gram in implementing the control unit and 
thus by changing the microprogram, the 
machine can be altered within certain limits 
of its design, Let us now lake л look at the 
contro! unit of a micropragrammable com- 
puler and figure out how it works. 

А typical microcontrol unit would consist 
of à mapper, a microsequencer, a micracon- 
trol storage and a decoder, The last Bem, the 
decoder unit, is optional and may nol be 
found in some machines, The interconnec- 
lions between these units ure shown for a 
typical design in Figure 3. 

[n operation, a machine instruction is 
fetched from main memory and is stored in 
the instruction rogister. The mapper converts 
this machine instruction into ihe starting 
address of the microprogram routine which 
5 supposed to execule the instruction as a 
sequence of microoperations. This address is 
passed on to the microsequencer whose job 
is 10 step through the microprogram. As 
each microinstruction is read out, the de- 
coder iransiates il inia control signals for the 
various control lines. 

Originally, the mapper was implemented 
using а decoder tree made up of discrete 
logic gates. Nowadays, array logic blocks in 
the form of read only memory and so called 
programmed logic arrays are used for this 
purpose. (It should be noted that pro- 
grammed logic arrays are especially suited 
for this lask, Read only memories contain 
many more bits than are needed, and are 
thus more expensive than programmed logic 
arrays. The array is powerful enaugh to 
implement most functions needed and ils 
lower cost makes п a very attractive candi- 
date for the mapper.) 

The function of the microsequencer is lo 
provide a value for Ihe next address of an 
instruction in the control memory. It can be 
thought of as having a / micropragram 
counter and additional logic to lest for 
conditional branches. Thus, in iis simplest 
form, it could just be a presetiable counter 
wilh associated circuilry for performing 
branches and condilional tests. However, 
most commercially — available micro- 
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Figure 3: Block diagram of the connections between various parts of a 
microprogrummed central processor. The typical processor consists of a 
Mapper, a microsequencer, control storage and an optional decoder. 
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Figure 4: Typical diode matrix. A binary number is inpul on n number of 
lines. Ht is decoded into 2" number of outputs. These lines are then decoded 
through ihe use of a diode matrix. The outputs of the matrix are at the 
control signals lines, 
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Figure 5: Typical micro- 
instruction word format. 
The instruction allocations 
are generalized but are 
found in almost all such 
data formats. The word 
format itself can be of any 
length, The usual length is 
from 24 to 60 bits al- 
though a field width of 
100 bits is used by IBM in 
some applications, 
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sequencers (such as the Intel 3001 or 
AMD 2909) are more sophisticated than 
this; some (ер: AMD 2909} even to the 
extent of having a built-in stack far proc- 
essing microprogram subroutine linkages. 

The microcentrol store is usually some 
kind of read only memory. Wilkes en- 
visioned this as a diode matrix such as shown 
in figure 4. Of course, immense technologi- 
cal advances have been made since Wilkes’ 
time and now the microcontrol store is 
usually implemented by read only memories, 
of which the discrete diode matrix can be 
thought of as the forerunner. In addition to 
read only memories, some microprogram- 
mable computers have a form of program- 
mable memory as part of their micrecontrol 
store, This allows for dynamic changes of 
microprogramming which lead to an even 
more flexible and powerful machine. With 
such a configuration, the microprugramrner 
can easily rewrite, add or delele portions of 
the microprogram Lo sujt the particular task 
at hand. 

From a consideration of the microcontral 
store, we next proceed to a discussion of the 
microinstruction. It is the microinstruction 
that forms the control mechanism which 
causes each dala register change. A typical 
microinstruction word format is shown in 
figure 5. Generally, there has 10 be a field to 
contra! the arithmetic logic unit and the 
shifter, one for memory, and one for ІО 
control. In addition, another field has to be 
reserved for information regarding the 
routing of data. Some kind of sequencing 
field which specifies the next тісгоргоргат 
address is usually also included. Finally, to 
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D:DECODE 
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Figure 6: Timing diagram for the sequence af interpreting an instruction. This 
process is divided into five stages: instruction fetch, decode, data fetch, 


E; EXECUTE 
T: TESTS 


TIME ——- 


execution and testing. As soon as the testing is finished, the instruction fetch 
cycle is again encountered to start the next sequence. 
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suit the architecture of а particular machine, 
there is a field left for user definable 
functions. These vary from machine 1с 
machine but would usually include condi- 
lional tests and branches, From this brief 
discussion, it should be apparent that there 
is no fixed widih for the microinstruction. 
Indeed, it varies from 16 bits for the 
Signelics 8X300, chip, to 24 bits for the 
HP21MX minicomputer te 100 bits for 
various models of the 1BM360. However, the 
width af the microprogram word in most 
small and medium size computers ranges 
from 24 bits ta 60 bits. 

If the microinstruction is wide enough, 
we can allocate a single bit to a single 
control line, In such a case, ihe micro 
instruction is sald to be unpacked or hori- 
zontal, However, if we want to save control 
memory space, we may малі to encode the 
data so as to compress the word width. An 
external decoder can then be used to recover 
the data. This is the packed or vertical 
format, A machine seldom takes on a fully 
packed or unpacked format for its micro- 
instruction, Instead, mosi machines have 
microinstructions which lie somewhere be- 
tween the two extremes, some fields are 
encoded while others are nat, | 

When deciding on the width of the 
microinstruction, several factors have to be 
considered, The first and mast obvious is 
cost: The wider the microinstruction, the 
higher its cast. This is so because memory is 
more expensive than a decoder, The penalty 
paid for having a vertical or packed format is 
a decrease in speed and flexibility. In the 
сазе of a horizontal machine, there are 
separate bits controlling the individual lines. 
Thus, there can be more parallelism in the 
coniral as more resources can be controlled 
simultaneously. However, for this same 
reason, horizontal machines are much harder 
lo program. The micrainstruclion. set of 
vertical machines resembles the assembly 
languages of minicomputers. 


Instruction Interpretation 


Lei us consider the sequence for the 
interpretation of an instruction. in figure 6, 
we see that the process of interpreting an 


TIME saveo—el L. 


instruction can be roughly divided into five 
stages, The first stage is that of an instruc- 
tion fetch. The contents of the program 
counter is sent to the memory address 
register and a read memory command is 
initiated. The program counter is now in- 
cremented and the microcontrol unit waits 
until memory is ready with an instruction, 

Once memory is ready, the instruction is 
loaded into the instruction register. This 
completes the first stage. On the time chart 
(figure 6), this corresponds to the segment 
IF. The mapper decodes this instruction into 
a microaddress which is passed on to the 
microsequencer. This is the decode phase, 
segment D on the time chart. As the 
microsequencer steps through the control 
memory, we have control signals coming oul 
af the microcontro! memory, Depending оп 
the instruction, we may need to initiate 
anolher memory read to fetch data. This 
would be segment DF. Once this is com- 
pleted, we can proceed Lo instruction execu- 
tion, segment Е. Finally, upon completion 
of execution, a series of tests can be per- 
farmed. These could include software tests 
for conditional branch hardware or software 
tests for interrupt, and hardware Lests for 
direct memory access requests. The sequence 
for an add accumulator to register B (store 
results in accumulator) and skip if overflow 
may look like listing 1, 

Of course the listing has іо be coded 
intu micromachine language farm. DMA. 
SERVICE, INT.SERVICE and INSTRUC- 
TION.FETCH would then be microprogram 
subroutines ta service the various requests, A 
register, which holds data coming from 
memory, is assumed to be present. If no 
buffer register is used, then step 10 in the 
routine should be changed to: 


(10) IR:= MEMORY DATA. 
This will enable the mapper and load the 
microsequencer, 
Why Microprogramming? 


Before microprogramming was developed 
and firmly incorporated inta computer de- 
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sign, most computer designers had to rely оп 
multiphase “hardwired” logic for their de- 
sign. Multiphase logic uses multiphase clocks 
lo control the various register Lo register 
transfers and other functions. Hence, the 
designs are extremely complicated, Once the 
machine has been hardwired, it becomes 
virtually impossible io change the instruc- 
tion set without redoing the design once 
again, іе: rewiring ii. 

Microprogramming overcomes these dis- 
advantages and provides à means for obrain- 
ing relatively simple and flexible designs. To 
illustrate, reconsider the microprogram for 
the add instruction. If we look at the time 
chart of figure б, we see that wailing for 


Step Instruction 


1 MAR :=PC 


Figure 7: Timing diagram 
fHustrating the time that is 
Saved wher implementing 
ihe changes of fisting 2 
This time saving occurs 
only when an interrupt ar 
direc! memory access re- 
quest does not have to be 
processed. IF а request 
does have to be processed, 
the timing diagram of fig- 
ure 7 applies to the 
process,, 


Commentary 


memory data counter:= program counter; 


[read memory] 


PC:=PC+1 
[wait for memaryl ; 
IR:;=MDR 

TEMP:-REG В 

ADD, ACC:=RESULTS 

IF OV=1 THEN РС:=РС+1 

IF OMA REO-1 THEN JMF 
OMA,SERVICE 

IF INT REQ-1 THEN JMP 
INT.SERVICE 

JMP INSTRUCTION.,FETCH 


routine; 


о 0 como hea 


= 


increment program counter; 


enable mapper, load microsequencer; 
disable mapper; 

add and store results in accumulator; 

if overflow increment program counter; 
if direct memory access requested, go to 


if interrupt requested, go їо routine: 


fetch next instruction; 


Listing 1: 4 program fisting for tie sequence: Add accumulati to register B, 
siore results in accumulator and skip if overflow exists. Lines 1 Hirough 4 are 
fhe instruction fetch routine. Lines 5 and 6 add register B to the accumulator 
and stores the result in register B. Line 7 checks for an overflow, und fines & 
through (0 check for interrupt and direct memory access requests, When the 
program fisting is encoded into micromachine language form the DMA.SER- 
VICE, INT.SERVICE, and INSTRUCTION. FETCH will become micro- 
program subroutines to service the various requests. 


Step Instruction 
9  MAR:-PC read memory; 
10 IF INT REQ=1 THEN IMP 
INT.SERVICE 


11 JMP INSTRUCTIDN.FETCH*1 


Commentary 


if interrupt requested, go to routine: 


skip first step af instruction fetch; 


Listing 2: Revisions of the program of listing 1 which allow a savings of time 
hr the execution of the program. This savings is shown graphically in the 


timing diagram of figure 7. 
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memory 19 be ready with an instruction 
takes up a good portion of our time. Thus, 
to speed Lhings, we may want to initiale a 
read memory instruction before we proceed 
to the various tests. Accordingly, we rewrite 
our microprogram with the modifications 
starting on line 9 shown in lisling 2, 

The new lime chart obtained with this 
modification is shown in figure 7, Note that 
if no direct memory address requests or 
interrupts have been requested, then there is 
a savings in time, This is because we do not 
have to wail as long for the instruction 
fetch: a result af (he early initiation af the 
read memory. If there has been an interrupt 
or direct memory access request, then no 
gain in speed would be obtained. However, 
since these requests are relatively rare, this 
new madificarion would result in an overall 
increase in speed. 

If hardwired logic was used for the 
control unit, it would be very difficult to 
make the modification just described. Thus, 
we see that microprogramming is a very 
powerful tool in the design of digilal 
computers.m 


. Wilkes, 
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6800 OWNERS UNITE! 


FREE YOURSELVES FROM THE BONDAGE OF SLOW CASSETTE 1/0. 
LOUDLY PROCLAIM YOUR SUPERIORITY OVER YOUR 8080 NEIGHBORS 
AND THE 2-80 SUBCULTURE. JOIN THE BFD-68 REVOLUTION. 


Our Basic Floppy Disc System (BFO-68) must, in all mod- 
esty, be called superb. It comes completely assembied 
with a disc controller that is plug compatible with ‘the 
SWTPC 6800. The cabinet and power supply are capable 
of handling 3 Shugart Mini-Floppy Drives. One drive is 
included in the basic system price of $795 and other 
drives may be added easily at any time for $390. Or, you 
may save money by ordering a cual or triple drive sys- 
tem initially. The price for the BFD-68-2 is $1169 and for 
the BFD-88-3 triple drive system $1539. 


Remembering that we are prone to understatement, we 
must say that while the BFD-68 hardware is superb, the 
software is even better. Our Disc Operating System pro- 
vides the following advantages over most other systems. 


* ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT 
ONE TIME 


» THE NUMBER OF FILES AND SIZE OF FILES IS LIM- 
ITED ONLY BY THE SIZE OF THE DISC 


* MERGING FILES REQUIRE NO EXTRA DISC SPACE 
* NO WAITING FOR THE DISC TO RE-PACK 
* LONGER DISC LIFE — MORE EVEN DISC WEAR 


NEED A FULL SIZE FLOPPY? 

Our P-38-FF is a plug-in interface card ta the ICOM Frugal 
Flappy"*, It includes all the features of the P-3B-] plus one 2708 
EPROM cantaining the ICOM bootstrap software. Just plug the 
P-38-FF into your SWTPC 6800 and your COM inta the P-38-FF 
and you're ready to use the Frugal Floppy and [COM's 6800 soft- 
ware pachage. Price $299. 


Our P-38 is an BK EPROM baard containing room for 8 2708'«. 
Dr, you may use it to hold up te 7 2708's plus your Motorola 
Mikhug or Minibug I| ROM. The P-38 addressing is switch select- 
able to any 8K location. Price $179. 


The P-38-| contains all the faatures of the P-38 plus an interface 


ta the Oliver Paper Tape Reader and our EPROM Programmer. 
Price $229, 


The PS-1 Power Supply Kit provides plus and minus 16 volts 
required for the P-38 series boards, Also, it allows a wiring mod- 
ication ta be made to the 8 volt supply that will increase its 
output by one volt, Price $24.95. 


Dur M-16 is a 15K single power supply STATIC RAM memary 
system. The M-16 is fully Suffered and requires only half the 
power of a similar size system using low power 2102's. With the 
M-16, you can expand your system te 48K and still have roam 
teft aver for one af aur EPROM boards. Price $555. 


ALL OUR PRODUCTS EXCEPT THE PS-1 ARE COMPLETELY AS- 
SEMBLED. AVAILABLE AT MANY SWTPC DEALERS OR FROM US 
BY MAIL. BANKAMERICARD AND MASTERCHARGE WELCOME. 


SMOKE SIGNAL BROADCASTING 


Р.О. Box 2017, Hollywood, СА 90028 


Circle 169 on inquiry card. 
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Your microcomputer is only as good 


as its memory 


—— 


— 
Y 
РО-8 01 м ij d | 
es Ouai t 082 


= \ 
Your micro- E Sram 
computer is... 1 T 
in a manner eo: 
of speaking... | Siskot 


capable of think- — 
ing. The amount 
of information you can store, combined 
with the access speed, determines the 
bottom line capability of your microcomputer. 

The Midwest Scientific Instruments’ FD-8 Floppy 
Disk Memory System will enable you to get the 
most out of your microcomputer...6800 or 8080. 
We have the most complete 6800 disk operating 
system available today, which interfaces to any 
microcomputer via a single PIA chip. 

When used with the MSI FDOS Operating 
System...included with purchase...the FD-8 
gives your microcomputer a level of performance 
which can only be matched by larger computers. 

You can have program save and load with 
named, variable length, password protected 
files at three levels: object code files, source code 
files, and BASIC files. 

It has disk routines which can be used easily by 


American Microprocessors 
Equipment & Supply Corp. 
Chicagoland Airport, P.O. Box 515 
Prairle View, illinois 60069 

(312) 634-0076 


A-Vid Electronics Company 
1655 East 2Bth Street 

Long Beach, Callíornia 90806 
1213) 426-5526 


Electronics for Yachting 

1525 South East 16th Street 
Ft. Lauderdale, Florida 33316 
(305) 525-3478 

TWX 510-955-9484 


Microcomputer Systems, Inc. 
144 South Dale Mabry Avenue 
Tampa, Florída 33609 

(813) В79-4301 


High Technology 

1020 Wesi Wilshire Blvd. 
Oklahoma City, Oklahoma 73115 
(405) B42-2021 


Micro Stora 

634 South Central Expressway 
Richardson, Texas 75080 
{214) 231-1096 
Р Computer Workshop 


Vanguard Systems Corporation 174 ifieid Road 
6812 San Padro London England 
San Antonio, Texas 78216 SW10 ЗАС 

1512) 828-0553 01-373-8571 


puTER 


M 
OS TEM 
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DE 


low level assembler lan- 
guage programs as well as 
high level BASIC programs. 

The coresident assem- 

bler/editor saves and loads 

source files from disk, 

assembles and stores object 

code on disk, and creates assembly 
listings on a high speed printer. 

You get a full ANSI standard BASIC inter- 
preter* with program load and save, from disk as 
well as tape, with both random and sequential 
disk data files. BASIC also has multi-1/O port 
capability under software control. 

And all you need do to access any of these 
functions is type the appropriate commands on 
your terminal. 

The FD-8 is complete, including all power sup- 
plies, cabinet, cables, software, manuals, and 
documentation. 

You can order the FD-8 as a kit for $1,150.00, 
or wired and tested for $1,395.00. 

Visit one of our dealers for a demonstration, 
or send for our free Catalog of MSI products. 


г / tS Р tidi 
Vustrauments 


220 West Cedar e Olathe, Kansas 66061 »® 913/764-3273 
TWX 910 749 6403 (MSI OLAT) 


ооооооооооопоооооооооооавоо 


О Before | forget...send me your catalog D 
О Name о 
a a 
p] Address n 
E. a 
Dn City п 
О State Zip o 
n By577 О 
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“MS! BASIC is ап additional $65.00 


MSI is a dealer for Southwest Technical Products e Mastercharge & BankAmericard Orders accepted 


220 West Cedar e Olathe, Kansas 66061 «s 


913/764-3273 æ TWX 910 749 6403 (MSI OLAT) 
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MERLIN Is the best ASCII/Graphics 
board now available for the S-100 bus 
«». апа at an unbelievable price! 


Compara these features to any other 

video Interface: 

4 160H x 100V resolution bit mapping 
graphics 

£ On-board ROM  (Monitor/Editor) 
option 

x 40 characters by 20 lines, character 
ROM generated (hardware) 

# Keyboard interface (with power) 

+ Programmable modes and display 
format 

$e Serial I/O port 

t Low power... only 600ma at + ау 

f£ Extremely fast (usas OMA) 

з Comprehensive User Manual 
.. . 200ps 

п American G0HZ or European 50 HZ 
operation. 


Designed-in expandabillty means maxl- 
mum  versitlliity at minimum cost. 
Add-on options now available (in kit 
Torm) include: 

* Super Dense Graphics 


(MIRO 4. Lacs eL $39 
* Lower case characters 

ТОМЕ: TET TERT 325 
* Serlal-to-paralle! expansion Kit 

(MBEN-K) ....... conss OS 
x 1500 Baud (software) cassette 

interface kit (MCAS-K).........529 


t 2K x 8 Mask ROM; graphics, 
casselle, & extended editing 
software (MEI) ............... $35 

tr 2K x В Mask ROM/256 RAM; 
Monitor Editor Software (MBI) .. $38 


The MBI ROM soflware is designad to 
allow turnkey operation and sophisti- 
cated editing and scrolling. 


Ask lo see a demonstration of MERLIN 
at your nearest computer store. Many 
dealers now stock MERLIN and there 15 
nothing like a hands-on demo for really 
evaluating a product. We know you'll 


be sold. 

MERLIN KH with Manual ....... .$268 
MERLIN, assm'd & tealed....... $349 
MERLIN User Manual .......... * 10 


For fast information, write us direct! 
MC and BAC accepted. 


4 MiniTerm Associates, inc. 


Г! ————————————— 24d 
y / «we Ros 2 Bedheü Mass 01730 (6171 640-1200 
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Continued from page 13 
ELIZA INTEREST 


John Aurelius’ fetter (March 1977 
BYTE, page 16) struck a resonant chord, 
When | succeed in getting my own 
system, | have plans to implement a 
version of the ELIZA program. ELIZA 
was first described by Weizenbaum in 
the Communications of the ACM 
(CACM), Volume 9, Number 1, January 
1966, and has subsequently been dis- 
cussed by Weizenbaum and others too 
numerous to mention. ELIZA 15 still 
alive and productive, although not neces- 
sarily as а psychotherapist. | am referring 
lo a version of ELIZA implemented by 
Shapiro and Kwasny (CACM, 1975, 78, 
pages 459 то 462) as an interactive 
consultant for a limesharing system, 
ELIZA ís a very general program whose 
specific personality derives from a script 
she is given, Shapiro and Kwasny rea- 
soned that ELIZA would be a suitable 
mechanism for providing assistance Lo 
timesharing users, It was this application 
of ELIZA which intrigued me sul- 
ficiently to begin experimenting with 
her, Using their program as a point of 
departure, | have implemented my own 
(somewhat improved, | feel) version af 
ELIZA also designed to act as a time- 
sharing system consultant, This program 
is now free of bugs (1 think); however, 
the script is not yet very sophisticated, 
so a dialogue with the program is not yet 
rousing. | would be willing to provide 4 
reasonably well documenled listing to 
anyone seriously interested, Before the 
idly curious drop me a card requesting a 
copy, | should warn them that the 
program alone consists of SOO fines ol 
SNOBOL 4 statements and requires 60 K 
words (the equivalent af approximately 
360 К bytes) of storage 10 run on the 
Honeywell 635 computer for which it 
was wtitlen. 

Now that everyone's enthusiasm has 
been dampened, | should admit that my 
choice of SNOBOL was expediency, 
ELIZA was originally written in LISP 
(also a memory hungry, slaw, inter- 
pretive language).| ELIZA requires the 
ability to search input texi for certain 
desired content (paltern matching} and 
ELIZA's internal data structures are best 
represented. as some form of list struc- 
ture, These two altribultes suggest that 
the most natural (but not necessarily 
mast efficient) choice of a programming 
language js one that facilitates one or 
both of these ends. For implementing 
ELIZA on a small machine, | envision a 
relatively small core resident program to 
maintain the keylists and do the pattern 
matching, while the lengthy script is 
maintained as files on a secondary 
storage medium, These files would pre- 
ferably be kept as random access files on 
a relatively fast device such as a floppy. 
A sequential device like cassettes might 
do, but f fear it would be intolerably 
slow. Unfortunately, ELIZA needs to 
keep a greal deal ol text at her fingertips 
(core resident In my SNOBOL nrogram) 
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for matching against input and for recom 
structing into output, Again, | would 
gladly exchange ideas with anyone in- 
terested in implementing such a 
program, 


Glen A Taylor 
Wisconsin Research and 
Development Center for 

Cognitive Learning 
University of Wisconsin 
1025 W Johnson St 
Madison WI 53706 


COMMENTS ON TURING MACHINES 


Jonathan K Millen's December i976 
article (page $14} оп an actual hardware 
implementation of a universal Turing 
machine was very interesting. The 
relationship between the Turing concept 
of a universal machine (computer) and 
the capabilities of “real” computers con- 
Linues to be ignored or misunderstood 
by many persons who think they know 
what a computer is, Millen's hardware 
project may help to enlighten these 
persons who view the Turing machine 
world as Lotally separate from the ‘real 
computer" world, 

ít may be of interest to note that 
Konrad Zuse appears 10 have investi- 
gated the Turing machine concept soon 
after World War JI, hoping to find same 
ideas which could be used to simplify 
the construction of real computers. (My 
knowledge of this activity comes from a 
brief private conversation with Zuse at 
Los Alamos in [une 1976.) He did not 
find any, of course, since we know now 
from experience that extremely simple 
machines jn their primitive state are 
difficult to use in practice. Zuse's early 
work on computers was done without 
any knowledge of Turing's work, while it 
is known that von Neumann's input to 
early campulers was not independent of 
such knowledge, (von Neumann became 
acquainted with Turing while Turing was 
at Princeton in 1937 and 1938 after the 
Turing machine work which was pub- 
lished in England.) 

Millen makes some statements regard- 
ing the Busy Beaver Game that should be 
corrected. This game was invented by 
Tibor Rado and is described in ihe 
article "On Non-«computable Functions" 
in the Belf System Technical Journal, 
Volume 41, Muy 1962, Millen has taken 
the liberty of adding an additional state 
іо his Turing machines which he counts 
as a slate lor the Busy Beaver Game, 
This adds behavior that effectively 
eliminates his machine example from 
being considered in the game. ft goes 
into а nonstop loop instead of halting. 
This also distorts the rules of the game. 
His 6 counting ''4 state" machine is 
actually a 3 state machine by Rado's 
rules, 

Millen then gives what he says are 
known results For 3 thru 7 stales when 
he really should be saying 2 thru 6 
states. In any case, the "known" results 
he mentions are still incorrect, The best 
results are as follows: 


Current Resuits (1975) Busy Beaver Game 


(Millen's Correct Number -4 
States:) of States Busy Beaver Score: Determined by: ` Mr ^7 
{3) 2 =4 T Rado 
(4) 3 -6 S Lin 
(5) 4 z^3 A Brady 1 
(6) 5 2112 D Lynn - SSE 
(7) & 2117 A Brady from 320 Horizontal by 200 Vertical 
5 state result of 
: D Lynn 
> 22,961 M Green - 
8 > 3-(7-392-1)/42 M Green vee” **cosc2exsb> 


While the summary | have shown here is 
in the process of being published, most 
of these results have been available in the 
open literature. 


Allen H Brady 
Univ of Nevada 
Computing Center 
POB 9068 

Reno NV 89507 


AUTHOR JONATHAN MILLEN 
REPLIES: 


1 am grateful to Dr Brady for his 
update on the Busy Beaver Game results. 
The terminal "copy" loop on slate 4 of 
the example program was necessary be- 
cause my universal Turing machine 
(UTM) has no automatic halt. A copy 
loop is an adequate substitute, because it 
is recognizable as such, and it does nol 
change the contents of the tape, 

Readers may be interested in the 
alternative Turing machine hardware 
realizations described in the following 
two references: 


1. | Gilbert and | Cohen, “A Simple 
Hardware Model of a Turing Ma- 
chine: Its Educational Use," Pro- 
ceedings of the ACM Annual 
Conference, 1972. 

2. Wakerly, | F, Logic Design Proj- 
ects Using Standard Integrated 
Circuits, John Wiley and Sons, 
NY, 1976. 

Jonathan Millen 
66 Main St 
Concord MA 01742 


FURTHER SYS 8 EXTENSIONS 


Readers who have been following the 
lwo recent articles in the January and 
February 1977 issues on improving SYS 
8 Software Package 1 by Willard Nico 
may be interested to know about one of 
our productis, This product is called 
Software Package 0.5, 

This is a program in source code, plus 
a complete manual, for improving SYS 8 
Package 1. In addition to the added 
commands and auto fine capabilities 
discussed by Mr Nico, our program 
offers: insert, delete, and change string 
operations on a current line; stríng 
operations on a find first occurrence 
basis; page listing modes; reordering of 
line numbers; automatic tabbing; option- 
al suppression of line numbers; and 
more, For the assembler, we add the 
foltowing: octal numbers are accepted; a 


global symbol table lor often used 
symbols; an ASC pseudo op for in- 
cluding real time output lines; output of 
the symboal tables; an expandable table 
of pseudo ops; and still more, 

The program also adds the capability 
Lo assemble programs in sections as they 
are read in from a mass slorage device, 
This means that program size is no 
longer limited by the amount of pro- 
grammable memory available for source 
code files! 

The source code translates (о 1.75 К 
ebject code bytes. The user edits this in 
with his existing SYS 8 Software Pack- 
age 1, conforming it to the limits of his 
system, For this gem of a program, we 
charge a mere pittance, a Loken $14.95. 


Larry Weinstein 
Objective Design Inc. 
РОВ 20456 
Tallahassee FL 32304 


WINDMILL JOUSTING DEPARTMENT 


I'm iust getting started ín this field 
and have enjoyed and benefited fram the 
pasl six or seven issues af your publica- 
tion, | will soon purchase and (i hope) 
have running a micro, both for personal 
use and as a fairly large data base device 
for a three man law office. 

What prompts me to write this is the 
use of such expressions as his/her” and 
“he or she" which appear with increasing 
regularity in your magazine, The zenith 
was reached in the February íssue. 

Let's be fair; you are leaving out а lol 
of readers, For example, there are cer- 
tainly corporations and schools which 
own micros. Surely, the inclusion of 
only the masculine and feminine gender 
must seriously offend these neuter users, 
{Let's start an "It" liberation front?} 
Please, then, include ''it" in such expres- 
sions as "Whenever the user finally gets 
his/her/its machine running , .,. " 

Secondly, there no doubl are some 
partnerships or associations that own or 
use micros, Can you imagine the chagrin 
of ihe members of these bodies not to be 
included in all your pronouns! This will 
necessitale your saying: “Whenever the 
user finally gets his/her/its/their machine 
running..." 

Don’ offend, for God's sake. And to 
heck with grammar or readability. 

| am sure, if you really work at it, 
yau could find even more ways lo insure 
thal your articles are hard 1o read — like, 
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£N 
IF YOUR COMPUTER E S 
CAN'T SMILE (OR 
PLOT) IT PROBABLY - 
WAS MERLIN DEFICIENCY 5, 
ANENTA. \ 


CEQUATIOW PLOTTED WITH BASIC) 


The MERLIN Super Dense add-on kii 
provides maximum resolution аі а 
minimum cost. in fact, MERLIN with 
Super Dense has more capabilities than 
any other S-100 bus video interface at 
any price! 


Once you've seen ‘Super Dense’ 
graphic resolution you'll know there Is 
nothing to compare Н to . . . short of 
spending over $600 . , . and even then 
you'll not have all of the capabilities of 
MERLIN with ‘Super Dense’. 


Super Dense provides true bi- 
mapping. Each and every point on the 


М screen Is controlled directly by a bil in 


| memory. (Requires BK of system 
memory.) 


ROM character-graphics looked good 
for a while; then came MERLIN's 160 by 
100 bit mapping graphics; and now... 
320 by 200 bit-mapping graphics! ! ! 
If you're looking for a graphic display, 
MERLIN with Super Dense is the best 
there is. And if you hadn't considered 
graphics or thought it was out of your 
price range, consider what you could 
do with 320 H by 200V graphics and for 
only $39 extra. 


The Super Dense add-on kit to Ihe 
popular MERLIN video interface is now 
available with off-the-shelf delivery. 
M320-K, Super Dense Kit ..... $39 
M320-A, Super Dense Азат, , .$54 
See MERLIN ad on previous page. 


For information fasi, write direct, of 
see ‘Super Dense’ at your nearest 
computer store. 

MC and BAC accepted, 


4  MiniTerm Associates, inc. 


u-—ÀÀ lI o EE a 0 
» /V ч hA. Bedlord. Mass. 01720 (517) 648-1200 
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— m — Se 


Circle 112 on inquiry card. 


Made possible by ithe designed-in 
expansion capabilities of the impres- 
sive MERLIN Video Interface. 


Aside from general purpose uses, the 
designers at MiniTerm anticipated 
Graphics and Graphics games and the 
problem of control interfacing. The 
MSEK (MERLIN Serial Expansion Kit} 
provides: 

Three parallel input porte 

Three parallel output ports 


These can be used for intertacing 
Joysticks or game controllers or parallel 
|/O devices. And the price can'! be 
beat! The MSEK mounts Inside your 
keyboard and connects lo MERLIN 
through the keyboard cable. 


Also available from MiniTerm is the 
first real raster graphics "Space War" 
gama for the personal/hobby market. 


"Space War" gives the user control ol 
rotation, accelleration, and firing of 
missiles for two space ships. When 
used on the MERLIN video interface 
with 'Super Dense' add-on option (320 x 
200) the game provides more excite- 
ment than any BASIC version of "Space 
War" or any of the standard TV games! 


A delux version of "Space War" is alsa 
avallable which allows selection of ship 
dynamics to simulate cars, tanks, 
boats, etc. and allows the user to draw 
his own 'ship'. 


Space War (SPW).....,....-) $25 
Delux Space War (DSPW)..... $35 
(Add suffix -T for Tarbell tape, or -P for 

INTEL hex paper tape.) 


A complete source listing is available 
for an additional $10 for either game. 


Write for full description, or belter yet, 
різу a few rounds at your local 
compuler store. But be prepared to 
stay a while. There Is likely to be a 
line and you may become addicted, 


MC and BAC accepted. 


4  MiniTerm Associates, inc. 


TEA SSS 
AN 208 Bedford. Mass 01730 1517) 648-1200 
MN LL > 
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"owner/user," for example — we have to 
be accurate, right? Or "hobby /personal/ 
recreation/small business” every time to 
describe (modify) the word '*microcom- 
puter.” That'li really screw up the read- 
ers and give more money to the authors, 
too. 

Be honest, folks; are you on some 
kind of a crusade? |f not, please drop the 
abominal usage of English (even lawyers 
recognize the use of "his/her" and the 
like is bad) and get on with publishing 
valuable, concise and readable pieces for 
the benefit of your poor readers. It the 
gals are offended by the use of masculine 
pronouns, then fine — print ‘em aff in 
the feminine gender, Most men couldn't 
care less. But stop the foolishness, okay? 


WC Welborn Jr 

Caine and Welborn Law Office 
2221 W Franklin St 

Evansville IN 47712 


fis, you? Gesundheit! 


SOME COMMENTS ON MIKBUG 


The following fetter reaches readers 
in two parts. The main body of the fetter 
is found here; the information in one 
paragraph of the letter is noted in 
"BYTE's Bugs" on page 160, und is not 
repeated here. 


| was pleased to see John Rathkey's 
article "A MIKBUG Roadmap..." in 
February 1977 BYTE, page 96. The 10 
routines in this ROM are very useful and 
have saved me a lot of programming 
time, 

The following comments and addi- 
tions apply to tabie 1: 


1. BADDR alters the contents of 
both A and B, 

2. QUTHL and OUTHR both de- 
stroy the contents of A. Thus A 
must be reloaded if one desires ta 
output both nybbles. 

3, INHEX puts a hexadecimal digit 
in the right nybble of A, 

4. OUTAHS outputs the four hexa- 
decimal digits pointed ta by X 
and X*], then prints a space, X is 
incremented by 2 and the con- 
tenis of A are lost. 

5. OUT2HS also uses X as a pointer, 
X is incremented and A is altered. 

6. OUTS is omitted from the list. 
This routine prints a space and 
begins at EOCC, 


The routine labelled PSTR in listing 1 
duplicates PDATAT in MIKBUG. The 
only significant difference between the 
two routines is that РОАТА 1 uses the 
code 04 (EOT) to mark the end of the 
string rather than OO as used by 
Rathkey. 

The indexed mode JSR command 
can occasionally be used Lo save a few 
bytes of code when using the MIKBUG 
IO routines to and from the A register. 
Simply load the lowest address of the 
routines you will be using into X; the 
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desired routines can then all be ad- 
dressed with the 2 byte indexed mode 
JSR rather than the 3 byte extended 
mode. Of course, this technique won't 
help if you want to use the routines that 
require X as a pointer, 

The MIKBUG program uses a block 
of programmable memory from А000 to 
A049. Since this is usually provided by a 
128 by 8 RAM chip, the remaining 53 
bytes from AO4A to AQ7F are available 
10 the user for data or short programs. [n 
addition, space for a stack is provided 
from A014 to A042, Since many pro- 
grams won't require such a large stack, 
some of these bytes can generally be 
used for other purposes. The stack 
pointer is initially set to A042 and 
increments downward as more stack 
bytes are required. 

You have a fine magazine; keep up 
Lhe good work, 


D B Brumm 

dB Engineering 

224 Hecla St 

Lake Linden MI 49945 


NOTES ON ARTICLE CONTENTS 


| have been reading BYTE for about 
a year now. | would like to congratulate 
you on your very interesting journal, 
However, it disturbs me that you can- 
tinue to publish articles on programming 
and construction techniques only for the 
more well known microcomputer chips 
such as the 8080 and 6800. | contend 
that articles on microcomputers based 
on the 1802 and the 6502 would also be 
beneficial as they are also in popular use, 


Leonard P Jacobs fr 
USF # 1570 
Татра FL 33620 


We've hod numerous articles on the 
6502, already, starting with @ review of 
the processor in November BYTE 7975 
by Dan Fylstra, and continuing with seve- 
ral about the KIM-T and its application or 
modification, tn the near future we'll 
have David Brader's Komputar, a home- 
brew 6502 system plan. As for the 1802, 
or апу other processor, what we print to 
g large extent depends on whut people 
gre doing, since the majority of BYTE 
articles are unsolicited contributions 
from readers actively engaged in experi- 
mentation, Based on recent data from 
readers, authors and manufacturers, 
there should be a bit of an upswing in 
1802 awareness over the next few 
months. 


THE EVOLVING LEXICON 


A thorough answer то W Buchholz's 
question {February 1977 BYTE, page 
144} about words that have passed from 
computer jargon into the genera! vocabu- 
lary would probably require a master's 
thesis. 

The main reason is thal several 
wholly new dictionaries have come on 
the US market in the past ten years or 


so. Among them are: American Heritage 
Dictionary (three editions), Doubleday 
Dictionary, Random House Dictionary 
[two editions). Several older dictionaries 
have been extensively revised, set in new 
lype, or both: Webster's New World 
Second College Edition, Merriam- 
Webster Seventh College Edition, 
Thorndike-Barnhart Advanced Diction- 
ary, And that's not all. 

The Oxford English Dictionary has 
starled work on a 3 volume supplement 
that will cover new words and meanings 
since about 1914. The first volume came 
oul in 1972. The Oxford English Dic- 
tionary seems to be doing a more 
thorough job on computer terms than on 
general electronics! The entry for "'con- 
trot” in the new Oxford English Diction- 
ary supplement quotes the 1948 MIT 
glossary and the 1955 glossary of the 
British Standards Institute. But the 
Oxford English Dictionary inexplicably 
skipped the electronic use of "emission" 
as the kind of signal (AM, FM, ТМ) a 
statión sends out, although that word 
with that meaning has been around since 
at least 1927. 

Almost the first thing | did when | 
got interested in microcomputers was to 
build my own glossary, starting with the 
lists in the back of the /EEE Dictionary 
(and acquiring other glossaries as | 
went) So | had a list | could check 
against a brand new dictionary (Ameri- 
con Herituge Dictionary, College Edition 
of 1969) and a dictionary whase dale of 
revision is known (Webster's New World 
Dictionary, Second College Edition of 
1970). 

American Heritage Dictionary started 
with a clean sheet. ft has excellent 
typography but fewer entries than Web- 
мегу New World Dictionary. |1 uses 
larger type, and has very wide outer 
margins on each page where the artwork 
is put. Its vocabulary of computer terms 
includes: 


accumulator, address, ALGOL, alpha- 
numeric, anulog computer; 

base, bit; Boole, George; Bonflean 
algebru; 

chip, computer, computer language, 
converter (“a device that trans- 
forms infarmation from one code 
to another"); 

data ("Numerical information in a 
form suitable for processing by 
computer"), dete processing, 
demodulation, digital computer; 

Hip flop, FORTRAN; 

gate ("a circuit extensively used in 
computers that has an output 
dependent оп some function of 
its input"); 

hardware ("а computer and the asso- 
ciated physical equipment di- 
rectly involved in the perform- 
ance of communications a: data 
processing functions"); 

information, information theory, 
input; 

machine, machine language, memory, 
module, Murphy's Law; 


PL/I, printer, print out (verb), print- 
out (noun), program (noun and 
verb), Programmer; 

readout, real time; 

software, storage. 


Webster's New World Dictionary has 
more entries and smaller type, The Col- 
lege Edition is its number 2 product. 
Some of the computer definitions are 
eyebrow raisers: 


gccumulator, address ("the location 
in a computer's storage compart- 
ment of an item of information, 
identified by a number or other 
code"), alphanumeric, analog, 
analog computer; 

bit, Boolean Algebra; 

computer, console, 

data processing, decoder, digital com- 
puter; 

flipflop, FORTRAN ("a digital com- 
puter language similar to al- 
gebra’’}; 

gate; 

hard ware; 

information, | information — theory, 
input; 

language (“a special set of symbols, 
letters, numerals, rules, etc, used 
for the transmission of informa- 
tion, as in a computer"), /ogic 
("the systematized interconnec- 
lion of digital switching func- 
tions, circuits, or devices, as in 
eiectronic digital! computers’); 

machine language, memory; 

printer, printout (noun), program 
(noun and verb, lwo definitions 
each), programmer and program- 
er (as shirttails, undefined, fol- 
lowing program); 

random access, read ("io obtain [in- 
formation] from [punched cards, 
tape, etc]; said of a computer’), 
readout, real time, routine; 

software, storage, store, symbolic 
ingit; 

throughput, track; 

word, write (“Lo record information 
in a computer's memory or on a 
tape, etc, for use by a com- 
puter’’}, 


Webster's New World Dictionary had 
a contribuling editor who was then the 
head of the Electronics Engineering De- 
partment at Carnegie-Mellon University. 
American #Heritage Dictionary had no 
electronics specialist identified as such 
on its 1969 masthead. 

if you know someone who is major- 
ing in computer and minoring in linguis- 
tics, you might set him or her on this. 
The sooner it's wrapped up thoroughly, 
the easier 11 will be to do thoroughly. 
One question that should be explored in 
any exhaustive Ireatment [s why certain 
words were admitted to the general 
vocabulary, and others were not, in each 
edition of each dictionary. 


C } Mike Fern ir, WAGOW] 
1046 S Westlake #1 
Los Angeles CA 900068 
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They can transform a hobby computer 
into a professional, useful tool. 


But why pay $300 for one? The 
MERLIN Video Interface Is also a ROM 
Monitor board. The optional 2K x 8 
МВ! ROM Monitor/Editor Is avallable 
for only $39, 


The MERLIN Monitor provides com- 
mands for turnkey 8080 or 780 
operation and program debugging and 
the Editor is the best there is. Any 
BASIC or user program is compatlbla 
with the MBI software. 


And now MiniTerm introduces the 
ROM/EROM kit so that you can put 
Ihe rest of your operating syslem and 
general purpose routines In ROM for 
increased ease of use and reliabilily. 


Just Look at these features: 

+ Power-on Jump to any 1K block 
є Holds eight 2708 EROMs 

x Bank select feature 

+ $-100 bus compatible 

* Walt state logic 

+ Addressable to any 4K block 
And it's only $89 in kit form! 


So write or buy your operating system 
— then optimize it for your specific 
needs and put Ii into ROM where il will 
always be available and yet changeable 
when necessary. 


MiniTerm wiii also provide 2708s for 
$40 and will introduce Its Inexpensive 
2708 pragrammer nexi month. 


Once you've had ar used a system with 
good ROM operating software (Moni- 
tor, Editor, Relocatable loader) you'll 
understand why ROM boards are 
becoming so popular. 


But don't spend more for ROM boards 
with extra goodies when ail you need is 
a board to hold your ROMs and to 
provide power-on jump. Buy the 
MiniTerm ROM/EAROM kit for only 
589. 


For more information fast, write direct. 


MC and BAC accepted 


4  MiniTerm Associates, inc. 


М x 
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BY TEs Bits 


A Phonograph Record in a Computer playings; unless they are severe, scratches 

Magazine? have no effect on accuracy, An additlon- 

2 ' al benefit of this system is the elimina- 

Bob Jones of /nterface Age magazine tion of tape dropout problems. Bob has 

has informed us of an intriguing new fea- promised some 8080 and 2-80 programs 

ture included in their May issue: a flex- for future issues. Contact /nterface Age, 
ible plastic phonograph record bound in- РОВ 1234, Cerritos CA 90701. 


to the magazine which contains a 4 K 
byte BASIC compiler plus a binary load- 
er and two memory test programs. The 
program, written by Robert Uiterwyk KIM Has a Contest 
for Motorola 6800-based systems, uses 
the 300 bps Kansas City standard. The 
record's appearance marks the first time 
that such a technique has been used in a 
magazine to disseminate software. (Read- 


In a press release from MOS Technol- 
ogy Inc, Richard Simpson has announced 
the KIM Soltware Contest, open to all 
KIM owners and users. The prizes are: 


ers may recognize the record as the type First prize: KIM-3 8K memory 
used to promote recordings by mail}. expansion board 

To recover the programs, the user Second prize: KIMROM-1 Resident 
plays the record on his or her phono- Editor/Assembler ROM Set 
graph in the normal manner and feeds Third prize through tenth prize: 


the output to an AC-30 or similar cas- KIMath Source Listing and User 
sette interface, the same procedure used 


3 Manual. 
for data cassettes, Using the “lape out” 
feature (available on most amplifiers) is All entries must contain program 
probably the easiest way to feed the sig- documentation and source code listing 
nal to the interface, (but a hand assembled source is allowed). 
Each record is good for about 100 All entries become the property of MOS 


OUR PROTO-CLIP" 
CAN PAY FOR ITSELF THE 
4ST TIME YOU USE IT. 


save testing, signal tracing or wiring in DIP's 
Not to mention the cost of IC's ruined by 
accidental shorts. A Proto-Clip is the foolproof, 
short proof way to bring up leads from 
crowded circuit boards. Its patented, molded 
design and unique gripping teeth free hands 
for other work. Built to withstand tough day- 
to-day use, CSC clips are available with or - 
without cable for 14-, 16-, and 24-pin DIP's, 

starting at $4.50* For more information, 

see your dealer or write for 

our full-line catalog and 
distributor list. 


The reason's as simple as the time you'll 7 ll 


CONTINENTAL SPECIALTIES CORPORATION 


EE 


44 Kendall Street, Box 1942 
New Haven, CT 06509 • 203-624-3103 
TWX: 710-465-1227 
i. 2» West Coast office! Box 7809, 
== San Francisco, СА 94119 • 415-421-8872 
TWX: 910-372-7992 


US. Pat No. 3,914,007 
*Mfr's. sugg. retail 
i 1975, Continental Specialties Corp 
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Technology Inc and will be Lurned over 
lo the KIM Users Group for possibte 
publication. 

Entries will be judged on the basis of 
originality and usefulness to the user 
community. If external hardware is re- 
quired, a schematic should be provided. 
Complex programs taking more than 
1K bytes of memory such as high level 
languages, assemblers, cross assemblers, 
text editors, etc, will be awarded a 
duplicate first prize if accompanied by 
working source tape or cassette. All 
entries must be received by July 1977. 
Prizes will be awarded on August | 1977. 
Send all entries to KIM Software Con- 
test, MOS Technology, 950 Ritten- 
house Rd, Norristown PA 19401. 

This looks like an interesting oppor- 
tunity for KIM enthusiasts to earn a bit 
of glory. в 


The Following Was Received From 
American Federation of Information 
Processing Societies (AFIPS): 


The fast growing field of personal 
computing will be in the national spot- 
light this june at the 1977 National 
Computer Conference in the Dallas 
Convention Center. Reflecting the dyna- 
mic growth and promise of the personal 
computing field, the 1977 NCC will 
feature a Personal Computing Fair, a 
Personal Computing Exposition, two full 
days of program sessions, a National 
Club Congress, as well as special interest 
sessions for computer hobbyists. 

The Personal Computing Fair, sched- 
uled lo run throughout the four days of 
the conference, June 13 to 16, will fea- 
ture operational displays and demonstra- 
tions of individually and group owned 
noncommercial projects, More Ihan 100 
small computing systems are expected to 
be displayed featuring hardware anu 
software implementations, games, recrea- 
tion, music, art, amateur radio, as well as 
scientific and general applications. Prizes 
and awards will be presented in recogni- 
tion of outstanding achievement, The 
Personal Computing Fair will provide 
hobbyists with the unique opportunity 
to obtain new ideas for their own sys- 
tems, solutions to current problems, and 
a wealth af "how-to" tips an personal 
computing. 

The conference program will feature 
an in-depth examination of personal 
computing on Wednesday and Thursday, 
June 15 to 16. Two 3 hour panel ses- 
sions on Wednesday will examine "'Per- 
sonal Computing — Past, Present and 
Future’ and “Hardware for the Compu- 
ter Hobby Market." Thursday morning 
will feature a 3 hour panel covering 
"Personal Computing Software," with 
the afternoon devoted to the presenta- 
tion of papers relating to personal com- 
puting, plus a concluding panel on “The 
Future of Retail Computer Stores." 
Each panel will feature presentations by 
leading authorities in the personal com- 
puting fleld, and will be designed to 


THE COMPUTER SHOP 


Calgary, Alberta 
3515 18th St SW 


Phone (403) 243-0301 


IMSAI, SWTPC, Digital Group, Cro- 
memco, T.D.L., Lear Siegler ADM- 
3A, Morrow cassette interfaces, Mini- 
Term, Polymorphic, Solid State Mu- 
sic, and the Calgary made Interalia 
8000 micro. Prices generally US list 
plus duty, tax & exchange {now 30% 
altogether}. Special: free Morrow 
serial/parallel/cassette port board 
incl. PROM boot with every IMSAI 
8080 mainframe — first 50 orders 
mentioning this ad oniy! Full repair 
facilities. 


CANADA 
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BUTE 


Article Index 


FREE 


Complete listing of all fea- 
ture articles appearing in 
Volume | of BYTE- 
September, 1975 thru De- 
cember 1976. Indexed for 
easy reference. Includes all 
errata. 


To get yours, send a $.24 
stamped self addressed en- 
velope to: 


BYTE Index 
70 Main Street 
Peterborough NH 03458 


LOGIC 
DESIGN 
= INC 


QUALITY Support for 


those who wish to dig deeply 
into digital design. 


Breadboarding System, text- 
book on logic design, and 
complete schematics for an 
elegant CPU that will run the 
PDP8 instruction set.. $1095 


132 IC's 


BOX 3991, UNIV. STATION 
LARAMIE, WY 82071 
(307) 742-7977 
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the affordable computer store 


7825 BIRD ROAD or 
(305) 264-2983 
DIAL 264-BYTE MIAMI 


WE HELP YOU GET YOUR SYSTEM 
UP AND RUNNING. 


The word is getting around... the 
Byte Shop or miami Ís а remark- 
able exception to the rule among 
computer stores. We offer a truly 
delightful environment supported by 

* REAL courtesy 

* REAL expertise 

* EXPERT service 

* GREAT classes 

demo systams 


IMSAI 8080 MEMORY EXPANSION 
BYTE-8 COLOR TV GRAPHICS 
SWTP MP68 LEAR SIEGLEAR ADM 3 
CROMEMCO PAPER TAPE READER 
PROCESSOR TECH 

INTERFACES (KITS or ASSEMBLED UNITS) 


Opening COMPUTER STORE 
#2 
IN FORT LAUDERDALE 
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19" RACK 5-100 BUS CARD CAGE 


ECT-100 CARD CAGE KIT $100 
CARD CAGE / MICROCOMPUTERS 
ECT-100-8080 KIT $320 
ECT-100-280 KIT $420 


8,192 x 8 BIT STATIC MEMORY 
EXCEPTIONALLY LOW POWER 


8KM MEMORY BOARD KIT $295 
PB-1 PROTOTYPING BOARD $28 
EXT-100 EXTENDER CARD $24 


ELECTRONIC CONTROL TECHNOLOGY 
Р.О. Box 6, Union, New Jersey 07083 
(201) 686-8080 
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DISCOUNTS! 


1MSAI 8080 KIT $599. 
assembled 750. 

ІМЗАІ 8080 w/22 slot MB 645 
assembled 795, 

RAM 44-4 125. 
assembled 225. 

MULTIPLE I/O Board (MIO) 

(both Tarbell and Byte modes one serial, 

two parallel, one control part) 175. 
assembled 275, 

EXPM (100 pin w/edge conn 6.50 
assembled 11.50 

(POLYMORPHIC SYSTEMS! 

16x64 CHAR VIDEO BOARD 189. 
assembled 229. 


Keyboard — 

63 key fully encoded ASCII, 

*5v only, positive or negative 

logic, repeat key, ІС sockets. kit $54. 
assembled 69, 


“write far discaunt prices on other 
IMSAI praducts. 


“N.C. residents add 3% state sales tax 


COMPUTER ELECTRONICS 


BOX 339 
Cary, N.C. 27511 
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° 14 Digit Readout 


© ONLY $189.00 
* IN STOCK 


provide attendees with the latest Infor- 
mation on new developments, trends, 
and the outlook for the future, Ample 
time will be allotted to answering 
questlons from thase in the audience. 

Pians are also under way to bring to- 
gether various special interest groups in 
personal computing for a series of infor- 
mal sessions on such topics as the build- 
ing of computing kits, debugging soft- 
ware, use of assembly language, pe- 
ripheral interfaces, cassette and disk 
storage, and software standards, In addi- 
tion, plans are being developed for a 
"National Club Congress" to enable 
representatives of clubs from throughout 
the nation Lo exchange ideas and discuss 
issues relating to their activities and pro- 
grams. Among expected topics will be 
whether or not a national personal com- 
puting association is needed, and if so, 
how it might be formed. Related topics 
are expected to include hardware/soft- 
ware standards, a possible national pro- 
gram library interchange, and the estab- 
lishment of educational seminars. 

In addition, the 1977 NCC will fea- 
ture a commercial exhibition by equip- 
ment manufacturers and suppliers of 
personal computing products and ser- 
vices. The Personal Computing Expo- 
sition will be in the North Hall of the 


Dallas Convention Center, one level 
below the main NCC exhibit hall. 

information on the 1977 NCC may 
be obtained from AFIPS Headquarters, 
210 Summit Av, Montvale N} 07645, 
or by calling (201) 391.98]0.« 


A Calgary, Alberta Store... 


The Compuler Shop is the name of 
a new store which sells IMSAI, Digital 
Group, Interalia, Cromemco, Lear- 
Seigler, Polymorphic Systems, South- 
west Technical Products, Merrow, Mini- 
Term and TOL products to central 
Canadians. The shop sent us a flier, with 
a handwritten note that the typical prices 
are USA prices plus abaut 25%, The 
store 15 located at 3515 8th St SW, Cal- 
gary, Alberta CANADA T2T 4T9,@ 


Another Dallas Area Store 


KA Electronic Sales, a Dallas distrib- 
utor of industrial electronic components 
to both businesses and individuals, has 
opened a computer stare al 1220 Ma- 
jesty Drin the Brookhollow Industrial РК, 
Dallas TX. 

The KA Computer Store currently 


nocESSOR, a 


E шаш 
scientific 


Steps 


ARTIS 
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INCLUDES FREE... * 
° 44 page HANDBOOK 


e Users Group Membership 
e Programming Sheets 


ELECTRONICS CORPORATION 


5 EASTMANS RD., PARSIPPANY 


NEW JERSEY 07054 


TELEPHONE: (201) 887-7100 
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markets central processing units and pe- 
ripherals by several manufacturers in- 
cluding IMSAI, Southwest Technical 
Products Corporation, Lear-Siegler Ter- 
minals, Solid-State Music and The Digital 
Group. 

KA also supplies electronic. com- 
ponents and parts as an industrial and 
retail distributor, and has a second 
electronics parts walk-in store located 
at 1117 S Jupiter, Garland T X. 


How to Get a BASIC Source Listing 


Dr Dobb's journal of Computer 
Calisthenics & Orthodontiu,inits January 
edition of this year, has published the 
complete source and object code as- 
sembly listing of the Lawrence Liver- 
more Laboratory BASIC interpreter 
developed by John Dickenson, ferry 
Barber, John Teeter and Eugene Fisher. 
The interpreter is а 5 К byte program 
designed to be laaded in PROM or 
ROM. It includes a floating point 
arithmetic package, Dr Dobb's is loca- 
ted at People's Computer Company, 
РОВ 310, Menlo Park CA 94025, s 


Question: 


Dr Chuck Adams of the Texas А & M 
Universiry EE Department posed the fol- 
lowing question in a recent phone con- 
versation: "Who invented the D flip 
flop?" Can a reader supply the answer 
lo this query, for publication in a future 
issue?» 


Want to Find Out Who's a Prafessional 
Computer Scientist? 


The 1977 Association for Computing 
Machinery Roster of Members, an alpha- 
betic and geographical cross-listing of the 
names and addresses of more than 35,000 
ACM members as of January 1 1977 is 
now available. 

The Roster may be ordered from the 
ACM Order Department, POB 12105, 
Church St Station, New York NY 10249, 
Prices are $7 to members and $25 to 
nonmembers, prepaid. = 


Guide to Buzzwords 


“Sherry’s Guide to Data Communica- 
tions Buzzwords" is the name of a 24 
page booklet of words and definitions 
which are commonly used in the data 
communications field. Write for your 
complementary copy, available from: 
Public Relations Dept, International 
Communications Corp, 8600 NW 41st 
St, Miami FI. 33166. 


Survey Sweepstakes Results... 


In November 1976 BYTE ran a ran- 
dom survey of readers, Lo gather dala Гог 
editorial and marketing purposes about 
this crazy field, OF approximately 2100 
survey questionnaires mailed, 1448 were 
returned prior to the deadline of Novem- 


ber 15 1976. As an incentive to return 
the survey, we offered five Life Subscrip- 
tions to BYTE, commencing with the 
expiration of the current subscriptions 
of the winners. The following five indi- 
viduals were drawn at random from the 
returned survey sweepstakes entry 
blanks {which were kept separate from 
the actual questionnaires in order to 
keep ihe questionnaires anonymous and 
private), 


Arthur H Bazell 
50 El Camino Real 
Berkeley CA 94705 


Allen L Curl 

Robert 5 Curl & Assoc 
1555 Alum Creek Dr 
Columbus OH 43209 


Dennis A Hewitt 
POB 8747 
5 Charleston WV 25303 


Mark T Marshall 
18229 Topham St 
Reseda CA 91335 


Howard Rothman 
86-25 Van Wyck Expy 
Briarwood NY 114358 


In publication af a report late this year. 
An international advisory group will 
review the report before any moves to 
approach Third World nations about 
hosting the spaceport. 

Total cost of the study is estimated 
at $50,000, to be provided by contribu- 
tions from philanthropic, space oriented 
organizations and individuals. 

Although the project is at an early 
stage, it has drawn support from leading 
aerospace figures. Among the advisors 
are Prof Freeman Dyson of the Institute 
for Advanced Studies, Princeton; Or 
Philip K Chapman, a former astronaut; 
Dr Raymond Bisplinghoff, past NASA 
associate director and research director; 
and Dr George Robinson of the Smith- 
sonian Institution. 

Three study groups will be responsible 
for preparation of the final report. The 
Government Launch Activities Commit- 
tee will examine ways that governmental 
organizations could use an equatorial 
spaceport to their advantage, and the 
Private Users Committee will investigate 
opportunities for nongovernmental 
groups. The Freeport Design Committee, 
chaired by Stanford freeport specialist 
Dr Avlin Rabushka, will recommend 
possible sites and alternative legal and 
econamic configurations of the site, 

Copies of an eight page brochure 


describing Earthport are available for 
5.50 per copy. Suggestions about the 
project are welcomed by the founda- 
lion. For further information, write 
Mark Frazier, Space Freeport Project, 
Sabre Foundation, 221 W Carrillo St, 
Santa Barbara CA 93101. 


Project Members 
{Partial Listing} 


Advisory Board: Dr George Robin- 
son, Smithsonian Institution; Or Philip 
Chapman, former astronaut; Prof Free- 
man Dyson, Institute for Advanced 
Studies, Princeton; Pat Gunkel, Hudsan 
Institute; Dr Larry Smarr, Harvard Astro- 
physics Center; Prof Alvin Rabushka, 
Moover Institution, 5tanford; Dr Ray- 
mond Bisplinghoff, former NASA assa- 
ciate director, NASA research director, 
and dean of engineering at MIT; Robert 
Prehoda, consultant. 

Study Groups. Government Launch 
Activities Committee: Arthur M Dula JD, 
chairman, Private Users Committee: 
Robert W Poole [r, chairman; Raymond 
L Kendall, program development mana- 
ger, Motorola Inc; Paul Siegler, president, 
Earth/Space Inc. Freeport Design Com- 
mittee: Prof Alvin Rabushka, chairman; 
Michael Bader, assistant director, NASA- 
Ames; Jerry Glenn, consultant. 

Executive Director: Mark Frazier.» 


Technology Fact 


Attention Sciemee-Facrion Lovers... 


Another Far-Out Technology 


Make the HAL Connection 


* BOBOA MPU 

* 1K Monitor/Debug 
Software in 
2708 EPROM or 
2-3624 PROMs 

* On board space | 
for: 4K ROM 
(2708), 2K RAM 
(2102A-4) 


How About Running a Real World 
Enterprise Instead of a Computer 
Driven Simulation Game? : e 24 lines of 
| Parallel 1/O (8255) 
* Hardware "front 
panel" on board 
ur Optional 
Accessories: 
CRT Terminal 
me. s ' TE Board, BASIC in 
aw = * EPROM, Audio 
Ü Cassette Interface, 
* TTY Current Loop or 7K RAM Expansion Board/ 
R5-232C serial 1/О (8251) EPROM Programmer, Power Supply. 
MCEM-8080 from$375 (2-3624 ROM/1K RAM) or$445 as shown (2708 EPROM/2K RAM) 


A group of aerospace specialists 
has begun to investigate the prospects 
for a satellite launch center at the 
equator. Sponsored by the Sabre Founda- 
tion, the group hopes to determine the 
extent of interest by government and 
private organizations in an "'Earthport'' 
thal would be open to peaceful users 
from every nation. 

Equatorial sites offer cost savings for 
most satellite launches because the earth's 
spin gives rockels a boost into orbit. 
Several nations now operate equatorial 
launch sites of varying sizes, bul none 
are international, 

"In the past six years, aerospace 
companies such as Boeing and General 
Dynamics have explored the possibility 
of providing commercial launches from A А 
the equator,” said the director of the mer, 1/O devices, or our unique CRT 
study, Mark Frazier. "We plan to work Terminal Board, 
wilh representatives of private organiza- 3. Connect to our power supply or use 
lions as well as governments to determine your own. 
what environment would be best suited Lab users and OEM's alike will find solu- 
for them." tions to their computer problems with the — ment; Parallel and Serial 1/О on the board; 

The initial stage of rhe study is MCEM-8080 computer. All essential com- апа very reasonable prices. 
intended to assess international interest Call or write for further information on the HAL Connection. 
in establishing a "space freeport,” and You'll be glad you did! 


will he completed within the next four HAL COMMUNICATIONS CORP. 


months, according Lo Frazier. 
Project members will then evaluate Box 365B 807 E. Green Street, Urbana, 111. 61801 
Telephone (217 ) 367-7373 


and solve your lab or OEM computer problems 


puter system elements are incorporated in 
this fully assembled, tested single-board 
computer, Some unexpected features of 
the HAL MCEM-8080 are: hardware "front 
panel" which allows setting a breakpoint 
and manual control of the computer; 1K 
ROM Monitor/Debug Software (with user 
callable, Intelcompatible 1/O routines) 
which greatly simplifies program develop- 


1. Connect to the 24 lines of Parallel (/O 
and ASCII or Baudot Serial 1/O. 

. Connect to processor bus to add mem- 
ory expansion board/EPROM program- 


the economic, technical, legal and 
political aspects of establishing an 
international launch site, culminating 
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The Midwest Affiliation of 
Computer Clubs invites you 
to attend the Second Annual, 
Midwest Regional Computer 
Convention and Exposition.... 


June 10, 11, 12 


COMPUTERFEST 777 


BO N D CO U RT HOTEL 777 St. Clair, Cleveland, Ohio 


> Manufacturers’ Reps & Exhibits Still only 
» Roofed Flea Market 2.00 
> Seminars & Tech Sessions per ticket 
>Club Congress 


> And Prizes, Games, Media Duping, and more.... 


The M.A.C.C. Convention is Where It's At in the Midwestern region. 
See you there! And if you plan to attend NCC, why not fly with us? 
Ask for information about the charter Hight to Dalias. Drop a line to: 


IVI. DWEST A.. LIATION OF G.. PUTER C. BS 


P.O. BOX 83, CLEVELAND, OHIO, 44141 


_..Game Playing With Computers by 


Donald D Spencer, published by Hayden. 


What does it mean to play games using a 
computer? Read this book to get an 
introduction into numerous recreational 
uses of the computer to program and play 
mathematical and logical games, Topics 
include numerous mathematical problems, 
casino games, board games, unusual garn- 
bling garnes, and miscellaneous logic games, 
Numerous BASIC language programs end 
listings are included to show details. $16.95. 


| 


___Scientific Analysis on the Pocket 
Calculatar by Jon M Smith, published by 
John Wiley & Sons. This book is another in 
a set of source books far mathematical 
analysis using the contemporary products of 
technology. It is oriented to the pocket 
calculator, yet it will provide you with 
algorithms and methods useful with any 
personal computer which implements the 
scientific and analytical functions found on 
a good pocket calculator. For a more 
complete description, see the book review 
on page 120 of the December 1976 BYTE; 
or order its 392 pages of detailed technical 
information and review its use for yourself, 
$13.75. 


Send to: 


BITS, tne 
70 Main St 
Peterborough NH 03458 


Total for all books checked $ 

Postage, 25 cents per book 

for books $ 
Grand Total $ 


BUILD YOUR 


OWN WORKING 


ad M asiépr LAAT ARTE RE ү ТҮ ГИК a NN 


№ І 


___Вийа Your Own Working Robot by 
David L  Heiserman, published by Tab 
Books, This book will not tell you how to 
build Robbie, the robot of Forbidden 
Planet, or a classical android of science 
fiction, What it will introduce you to is the 
problems of making a robot mobile device 
called Buster 111, using pre-microprocessor 
TTL integrated circuits for all logic 
functions. It is a must book for background 
reading, but much of the logic can be 
extremely simplified using today's micro- 
processor technology. Use this baok as a 
first look at these problems from which you 
can build further and more elaborate 
solutions. Softbound, $5.95, 


Check payment method: 
... Му check is enclosed 


— Dictionary of Microcomputing by 
Philip E Burton. In the opinion of BYTE's 
editor, Carl Helmers, “This is one of the 
best designed and executed dictionaries of 
computer related terms yet seen on the 
market, !t is of particular relevance to those 
individuals who want a good general 
reference to numerous technical terms, 
broadly covering hardware and software 
fields as currently practiced." This new 
hardbound edition is part of the Garland 
Reference Library of Science and Technol- 
ogy, $12.50, 


——Software Design for Microprocessors. 
This stand alone guide to micraprocessors 
has been designed by the people at Texas 
Instruments to convey knowledge to the 
first time user of microprocessors. This 
excellent source book of computer concepts 
begins with an outline of the basic principles 
of the general purpose computer, its 
machine architecture, software, and meth- 
ods of addressing. 11 proceeds to discuss 
how to build software, what is involved in 
documenting what you've done once you've 
done it, the mechanics of programming, and 
specific examples using the TI TMS-1000, 
TMS-8080, TMS-9900 and SBPO400 de- 
signs. You'll find a thick hardcover text- 
book filled with over 370 pages of useful 
information including a comprehensive 
glossary of microprocessor terminology, 
among several other detailed appendices. 
$12.95. 
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———-- Digital Computer Fund- 
amentals by Jefferson C Boyce. 
The way to a world of learning is 
through books. A great place to start, 
and to return from time to time, is 
the classical textbook. This new 
book from Prentice Hall is in- 
tended as just that. Topics covered 
include digital computer operation, 
basic computer circuits and concepts, 
Boolean algebra, implementing com- 
puter operations in hardware, com- 
municating with the computer and 
related issues of coding schemes, 
detailed discussions of the control 
section, memory functions, arithme- 
tic and logic functions, input and 
output functions of a classical com- 
puter, 8 chapter on computer pro- 
gramming and a final summary 
chapter on the detalls of a typical 
minicomputer design interpreted In 
the light of the more theoretical 
general concepts in the book. This 
book is excellent background intor- 
mation for the literate and well read 
hacker, Order yours today. $15.95 
hardbound, 


Send to: 


BITS, Inc 

70 Maia St 

Peterhorough NH 03458 

Total for all books checked 

Postage, 25 cents per book 

for | |  . | books 
Grand Total 


You may photocopy this page if you wish toleave your BYTE intact, 


Adam Osborne's books An Introduction 
to Microcomputers, Volumes 1 and 2, area 
concise compendium of the technical details 
of microprocessors at the component 
(engineering) level. These are the source 
books for the system designer who plans to 
employ the microprocessor, or the advanced 
homebrewer who wants a dash of custom- 
ization not found in commercial products. 


—— Volume 1 is subtitled “Basic Con- 
cepts." This is the book which presents a 
framework of ideas concerning the design 
and use of small computers implemented 
with LSI. Topies include definitions of the 
microcomputer, fundamental concepts of 
logic and numbering characteristics of 
instruction sets, etc. $7.50, 


Volume 2 is а much thicker (895 


How to Buy and Use 
Minicomputers and Microcomputers 
by William Barden. People have often 
asked us where to turn to get an 
introductory book about computers 
for personal use. One excellent place 
to start is How to Buy and Use 
Minicomputers and Microcomputers, 
William Barden Jr's instant sumrnary 
of the small computer revolution, 
published by Howard Sams in mid- 
1976. This is one of the first books 
of the "general introduction to 
computers" genre to be published 
with an emphasis towards the small 
computer and personal computing as 
it is being practiced these days. the 
book, written for the novice as well 
as the expert, surveys the technical 


details of the field in nine chapters 
and 10 appendices. This book is light 
{but essential} reading for the experi- 
enced computer person, and worthy 
of serious, concentrated perusal by 
the novice. $9.95. 


rm 


Check payment method: 
... My check is enciosed 


eS Bill my MC No. 


page) detailed volume which complements 
the information in the first volume. This is 
the volume which fills in many of the details 
left out of the conceptual treatment in 
Volume 1. Here you'll find 19 detailed 
chapters on the engineering and logical 
specifications of products made by 16 
different manufacturers, including in many 
cases reprints from the manufacturers’ 
documentation as well as new materials 
provided by the author. Published in 1976, 
it even includes such processors as the 
MicroNOVA by Data General and the Texas 
Instruments TMS-9900 as well as the older 8 
and 16 bit machines. Organization is by 
design type, and where parts of several 
manufacturers were intended for a given 
processor design such as the 8080, these are 
grouped into a single chapter. $12.50 
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—— Computer Power And Human 
Reason by Joseph Weizenbaum, This 
book is one which should be 
purchased or read for several reasons. 
tf you're presently a programmer by 
trade or skill, you'll see a philosophy 
of computer use snd abuse pro- 
pounded. It's genuinely interesting, 
and definitely provocative if you 
reference the starm of letters, coun- 
ter letters and counter counter letters 
which this book produced in the 
Association for Computing Machin- 
ery’s SIGART newsletters during 
1976. if you're a novice to the field, 
the tutorial and explanatory chapters 
of this book, which are aimed at the 
layman, will serve as an excellent 
background source which is alsa 
eminently readable. This includes an 
excellent and low level explanation 
Of what an algorithm is, and how 
computers go about executing effac- 
tive algorithms. $5.95 softbound. 
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Selectric mechanism faund in the Keyboard 
Printer is a set of switch contacts which are 
closed by movement of the tilt rotate bails, 
and by movement of the cams in various 
stages of the printing cycle. These contacts 
can also be seen in photo 4. Again, na 
electric power is applied to these contacts 
inside the Selectric, but six of them, called 
Ci to Сб, are wired together thru certain 
pins in the receptable аі the back of the 
machine (more on this later). For printed 
üuuipui, these contacts can be tested Lo 
determine when the printing cycle is 
complete. For keyboard input, there ts 
another set of contacts which must be tested 
al the proper instant in order Lo capture the 
code for the key just depressed, Other 
contacts are provided which make it possible 
lo determine whether the machine is cur- 
rently locked in upper or lower case, 
whether the end of line margin stop has been 
reached, and so on. According lo the 
documentation, the contacts are rated for 
40 тА at 10 V (minimum) to 300 mA at 
48 V (maximum). 


BCD and Correspondence Machines 


At this point, | should clear up ihe 
mystery surrounding the differences be- 
tween the so-called “BCD” and "Corre- 
spondence" versions of the Selectric Key- 
board Printer. There are differences in throe 
areas; 

|. The arrangement of characters on the 
typeball that is used, 

2. The arrangement of the fingers on the 
interposers connected 1o particular 
keys, 

3. The code ablained for keyboard inpul 
at the $0 pin receptacle when a key is 
pressed, 


[he Currespondence version 15 the 
simpler of the two. All of the office type- 
wrilers аге built this way, and nearly all the 
typeballs available from IBM use the Corre- 
spondence arrangement of characters. In a 
Correspondence encoded Keybuard Printer, 
the Lilt and rotate bail contacts are wired 
directly 10 the 50 pin receptacle, and so the 
cade obtained when a key is pressed is the 
actual lil rotate code, Note that the till 
rulate code is the same for, say, an upper 
case A and a lower case a, so the current 
slate uf the shift contacts must be checked 
whenever a character is read, 

Many Selectric Keyboard Printers were 
built for use in equipment which employed a 
6 bil byte and the old BCD (hinary-coded 
decimal] character code, and so IBM 
devrloned the “BCD” version of the Selec- 


tric. In this machine, the till and rotate 
contacts (there are several sels of contacls 
for cach bail) are wired through a maze of 
diades and shift contact connections to yield 
a unique 6 bil code for all of the essential 
characters in the BCD set. Hence the code 
which reaches Lhe 50 pin receptacle can be 
read directly into a 6 hit byte, and the shift 
contacts themselves need not be tested, Of 
course, a 6 bit byte can represent only 64 
different characters, and after allowing for 
the digits and various special characters, 
there was room for onfy [he upper case 
alphabotics. In fact, because of the limila- 
tions of wiring through diodes and switch 
conLacts, only 48 distinct codes are actually 
produced, Even so, in order to accomplish 
this wiring leat, iL was necessary lo move 
some of the essential characters to соп- 
venient spats on the typeball, and hence the 
inlerposers with certain finger combinations 
also had іо be moved around in order to 
preserve the usual layout of Lhe keyboard, 
This is why the characters are all mixed up 
when you type manually on à BCD machine 
with a Correspondence typeball. Indeed, just 
to make everything fit together, IBM puts 
only the upper case characters on most of 
the Lypeballs intended for use with the BCD 
machine. (An exception is Lhe Model 963 
typeball which is used in many timesharing 
terminals.) But, in fact, the mechanism is 
slill capable of tilting and rotating lo any 
character posilion. 

What does all this mean for ihe computer 
hobbyist? H you are using Ihe Selectric asa 
printer only, it makes no difference whether 
vou have а BCD or а Correspondence 
machine, since in cilher case you have direct 
access to the Ul and rolate magnets. Ву 
energizing the proper combinations of the 
seven magnels, you can use beth BCD and 
Correspondence. typebulls — with — either 
machine, (My Selectric is a BCD machine 
and | regularly use И wilh à Correspondence 
encoded Courier 72 typebail.) 

If you want lu use the Selectric keyboard 
for computer inpul (and you want upper 
and lower case), or if you мапі 1o use the 
machine off line with a variety of Corre- 
spondence encaded typeballs, you are con- 
siderably better uff with the Correspondence 
version of Lhe Keybourd Printer. But, since 
most of the units available through surplus 
channels {al least at reasonable prices) are 
BCD machines, you may have to settle for 
onc of these. With some mechanical and 
electronic skill (and lots of courage), you 
could convert a BCD machine into a Carre- 
spondence version by: 


|. rearranging the inte: posers to match the 
Correspondence typeball arrangement. 
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TTL 
SIGNAL 
(7400) 


Figure 2: А very simple 
power source for the un- 
regulated DC used 
power the solenoids of the 
Keyboard 


Sefeciric 
Printer. 


p---------- 


INAODIA 


fo H7 VAC 


2. tearing out all the wiring for BCD code 
generation and replacing it with direct 
cannections from the bail switch con- 
tacts to the 50 pin receptacle. 


So much for the theory of operation of 
the Selectric mechanism. Now let's get on to 
the design of an interface unit which will let 
us contro! the Selectric printer using stand- 
ard TTL level signals trom à computer 
output port. Mindful always of our potential 
exposure to Murphy's Law, we will keep this 
interface as simpleminded as possible, 
Readers with more sophistication in elec- 
tronics may use tliis approach as a jumping- 
off point (so Lo speak} for their own designs. 


Interface Design 


To cantrol the operation of the Seleciric 
printer we must provide three types of 
functions: 


i. Signal conversion of TTL levels to 
magnet currents, 

2, Cade conversion of ASCII codes Lu Lilt 
rotate code. 

3, Control and timing tu lype successive 
characters, wait for cartiage relurn, 
elc. 


It seemed to me that the most appropriate 
division of labor was to provide the first 
function in hardware, and the second one in 
software, Signal conversion requires an ex- 
ternal power source, while code conversion 
requires some flexibility to accommodate 
different typeballs, For the third function, | 
have experimented with both open loop 
control (realized entirely in software) and 
closed loop control {which uses a hardware 
feedback signal}; both approaches will be 
discussed briefly here, 
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Signal Conversion 


For signal conversion, we simply need a 
power source for the Selectric magnets and a 
means of switching ihe power of and off 
using TTL level signals. For the power 
source, we need а maximum of about | A of 
DC (for seven simultaneously energized 
magnets al 125 тА per magnet) in the range 
of 43 to 53V. The source necd not be 
regulated пог even. filtered. (See "Watts 
inside a Power Supply.” by Gary Liming, 
january 1977 BYTE, page 42, for a further 
discussion.) Figure 2 is a circuit diagram for 
the power supply which | built around a $4 
surplus transformer. The only really essential 
element is the full wave rectifier. The 
capacitor was included simply to jack up the 
voltage of the parlicular transformer | was 
using ta the point where it would energize 
the magnets. 

To switch power on and off, ] used a se! 
of reed relays (optoisolalors or power lran- 
sisiors could be used instead). These par- 
ticular reed relays have a coil resistance of 
290 ohms, sa they can be driven by an 
ordinary TTL gate (17 mA at 4.8 V, or 
IQ TTL loads). They are available from 
Digi-Key Corporation, POB 677, Thief River 
Falls MN 56701, for $1.70 each (part 
number 5VRR). | used a total of 12 relays, 
six for the print magnets (since | forgol 
about the "check" magnet) and six for the 
mast important control functions (space, 
backspace, tab, carriage return, and upper 
and lower case shift). 

The reed relays were each connecied Lo à 
computer output port and a Selectric 
magnet through the circuit diagram shown in 


Figure 3: Switching of the solenoid uctuator 
magnets in the Selectric Keyboard Printer is 
accomplished by this basic. circuit. A reed 
relay which is within the drive capubilities of 
TTL is driven from a TTL logic gate, wiih 
protection against buck EMF provided by 
the diode A. The reed relay, in turn, drives 
ihe magnet in the printer from the 48 V 
(nominal) supply of figure 2. Diode В 
provides bock EMF protection for the relay 
contacts. te prevent arcing which would 
shorten ihe life of the relay. The dotted line 
outlines the detailed circuit repeated many 
limes in figure 4, 


figure 3. Here the 1N4001 diodes protect the 
TTL gale and the reed switch from voltage 
transients in the two coils. Since | needed a 
standard TTL buffer to provide enough 
current for each reed relay, and since | 
wanted to economize on my use of output 
ports, 1 used a seventh control line to switch 
between the six print magnets and the six 
control function magnets. The resulting 
circuit diagram is shown in figure 4. The 
lettered squares which terminate the reed 
switch contact lines refer Lo pin designations 
on the Selectric’s 50 pin receptacle (see 
below). Photo 5 shows the physical layout 
of the components of figure 4 in the 
interface which | built. Most of the wiring is 
Vector Slit p’ Wrapped on the other side of 
the square piece of Vectorboard. 

This construction layout is not recom- 
mended! Allow yourself much more room 
for repairing, replacing or adding compo- 
nents (like a seventh pair of reed relays!). A 
length of scrapped telephone cable makes a 
good connection between the interface and 
the Selectric itself, Also shown in photo 5 is 
à 50 pin connector which plugs into the 


CONTROL 7400'S 


DRIVERS 
TAB =a 


BACKSPACE 


CARRIAGE RETURN 


UPPER CASE 


LOWER CASE 


Photo 5: Physicul layout of the components of the interface box which 
houses the circuit described in this article, 


COMPUTER OUTPUT PORT 


PRINT 
DRIVERS 


Pa SF 


FCOPIES OF THE RELAY DRIVE 
CIRCUIT JN FIGURE 3 


Figure 4: The complete interface schematic. The 7400 NAND gate logic is used to select either the drivers for the miscellaneous 
control functions, or the drivers for the print commands. The basic drive circuit of figure 3 is repeated once for each magnet in 


the printer. 
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Pin Function 


A = T2 

B < Сһеск 

C = T1 

D i» R24 

E oa R1 

F fF R2 

H = R5 

J 22 Magnet Common 
K = Keyboard Lock 
L Tab 

M ad Space 

N T Backspace 

P = Carriage Return 
R = Index 

S had Upper Case Shift 
T = Lower Case Shift 
U = Red Ribbon Shift 
V <= Black Ribbon Shift 
wW es C1 N/C 

X =? Contact Common 
a ed Feedback N/C 

b -$ Feedback N/O 

e x End of Line N/C 
1 =k End of Line N/O 
п + C1 N/O 
rstuvw > BCD Bit Lines 


Figure 5: The Selectric Keyboard Printer receptacle pin identifications. This 
receptacle can be purchased as а spare part through an [BM office, The arrows 
in this table indicate direction of the signal: A feft arrow indicates drive to 
the printer (typically a magnet) from a source in the interface; a right arrow 
indicates a sensor contact in the printer. 


receptacle at the back of the Selectric, which 
| obtained from my local IBM branch office 
for $20 (IBM part number 1167134). The 
more important pin designations on this 
connector are shown in figure 5. 


OFFSET 7 
(А5С!! CHARACTER) 


WW OUTPUT 
PORT 


TABLE BASE POINTER 


INTERFACE TO 
SELECTRIC 


Figure 6: Table structure for the conversion of ASCII to Selectric coding. The 
table base pointer identifies the start of the table. There should be one table 
for each different ball coding scheme employed. The ASCII character value is 
added to the base address giving an address in the table. At this address is 
found the code which is sent to the output port. The logic of sending the 
code io the output port is given in detail by figure 8, 
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Code Conversion 


Assuming that the ASCII code is used for 
characters inside the computer, the process 
of code conversion is basically just a simple 
table lookup: The 7 bit ASCII code is used 
as an index into a 128 byte table to obtain 
the 6 bit tilt rotate code. Since the tilt rotate 
code for a given character may vary depend- 
ing on the typeball that is used, it should be 
possible Lo switch between several 128 byte 
tables. This is easily done by indexing from a 
pointer to the base of the table as shown in 
figure 6. 

The main complication in code conver- 
sion is the handling of upper and lower case. 
At any given time the Selectric Keyboard 
Prínter is locked into one case or the other. 
If the machine is locked in upper case and 
the next character to be printed is an upper 
case A, we need only send out the appro- 
priate tilt rotate code. But if the пех! 
character is a lower case a, we must energize 
the lower case shift magnet, wait for the 
machine to shift into lower case, and then 
send out the tilt rotate code, This is easily 
accomplished by using a seventh bit in the 
table entry byte for each ASCII character 
to indicate whether it is to be printed in 
upper or in lower case. 
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The last problem in code conversion is 
the handling of control functions such as 
carriage return, iab, backspace, etc. Fortu- 
nalely, the ASCII character set assigns 
unique 7 bit codes for functions such as 
these, For example, the ASCII carriage 
return character (hexadecimal code OD) can 
be used for carriage return, and the ASCII 
horizontal tab (hexadecimal code 09) can be 
used for the tab function. Since in my 
interface a specia! control line determines 
whether the six output ports affect Lhe print 
magnets ar the control Function magnets, | 
can use the eighth bit in each table entry 
byte to set the control line appropriately. 
The table entries for the printable characters 
have this bit set to 1, wiih six bits providing 
the tilt rotate code; the entries for the 
control characters have this bit set to 0, with 
the bit corresponding to the given control 
function magnet set to | and the other five 
bits set to ©. This encoding is illustrated in 
figure 7. 

Once we have this encoding of the infor- 
mation needed for code conversion, thc 
actual program logic io accomplish the 
conversion is straightforward. A flowchart of 
the logic is presented in figure 8, and an 


Figure 8: A flowchart giving the logic of a 
simple open loop driver program which takes 
a given ASCH character, looks up its table 
entry, und then takes appropriate printer 
actions. As an open loop program, each time 
delay in this chart (the ATs) is picked іо 
reflect the worst case response time for the 
action involved. This makes the Selectric 
iype successfully, bui does nol optimize 
operation for the maximum speed, since us 
evervone knows, the worst сове is often not 
identical with the typical value of a 
parameter. 


Figure 7; The coding scheme for each conversion table entry is given by the 
general box at the top af this diagram. Bit 7 tells the software whether the 
mechanism should be in the upper or lower case mode. (The need to shift 
explicitly in a Selectric is reminiscent of the shift requirements of Baudot 
Teletypes.) The tilt rotate code contained in bits 6 thru 2 is derived from 
figure 1 for each character in the table, (For other ball arrangements, a 
version of figure 1 would need to be generated.) The low order bit of the 
word is used to indicate to the logic of figure 4 whether a control command 
(0) or print command (1j is being sent, 


me) 


LOOK uP 
ASCII 

CHARACTER 
IN TABLE 


SINGLE CHARACTER 
PRINT. ROUTINE 


YES А CONTROL 


CHARACTER 


IN LOWER CASE 


UPPER CASE 


WAIT AT 
SUFFICIENT 

TO COMPLETE 
OPERATION 


SEND CONTROL 
CODE FOR 
DOWN SHIFT 


WAIT AT 
SUFFICIENT 

TO COMPLETE 
SHIFT 


SEND CONTROL 
СОСЕ FOR 
UP SHIFT 


WAIT AT 
SUFFICIENT 

TO COMPLETE 
SHIFT 


SEND 
TILT ROTATE 


: i 
CODE NOTE: SENDING A NONZERO 


| 
| 7 BIT PATTERN TO THE INTER- | 
| FACE PORT WILL ENERGIZE ONE 
| ря MORE SOLENOIDS, INITIATING 
| А MECHANIGAL OPERATION. 


| 
SEE FIGURES | AND 7 
L 


WAIT AT 
SUFFICIENT 

ТО COMPLETE 
PRINTING 


RETURN 
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CHARACTER OUTPUT ROUTINE FOR 
SELECTRIC KEYBOARD PRINTER 


OUTCH TAY 


LSR 
BCC CTL 
ROL A 
BMI LOWER 
0х #4 
LOY CASE 
BEQ OK 
ING CASE 
JMP SHIFT 
LOWER LDX #2 
ВУ CASE 
BNE OK 
DEC CASE 
SHIFT STX PORT 
JSR ENERG 
LOY #60 
JSR WAIT 
OK STA PORT 
JSR ENERS 
LDY #50 
JSR WAIT 
RTS 
CIL ROL A 
STA PORT 
JSR ENERG 
LDY #120 
JSR WAIT 
RTS 
ENERG LDY #10 
JSR WAIT 
1EY = #0 
STY FORT 
RTS 
WAIT LDX +200 
LOOP DEX 
BNE ООР 
DEY 
BNE WAIT 
RTS 


Listing 1: 6502 assembly 
language source code of a 
program — which imple- 
ments the fogic of the 
Howchart in figure 8, This 
program is a subroutine 
which will drive the Selec- 
tric Keyboard Interface in 
ип open loop mode und is 
гип on а KIM-I system, 


LDA {TABPT), Y 
А 


ASCII character ro index register 
get code byte from table 

test low order bit 

0 means control character 
test high order bit 

1 means lower case character 
code for upper case shift 
check current case 

О means upper case 

indicate shift to upper case 
go initiate shift operation 
code for lower case shift 
check current case 

—1 means lower case 
ingicate shift ta lower case 
send shift code to port 

for 10 milliseconds 

delay for 60 milliseconds 
until shift operation is done 
send tilt rotate ta port 

for 10 millisecands 

delay for 50 milliseconds 
until print operation is done 
return te calling program 
restore control code 

send ta output port 

for 10 milliseconds 

delay for 120 milliseconds 
until control operation is dong 
return то calling program 

set up for 10 millisecand delay 
loop far that lang 

send Os ro output part 

to turn off magnet current 
return ta caller 

number times thru inner loop 
decrement inner loop count 
loop until count is 0 
decrement outer loop count 
{пор until count is 0 

return to caller 


equivalent assembly language program for 
the MOS Technology 6502 used in my 
system is shown in fisting |. (n this simple 
version of the program, delay loops are used 
for timing purposes, and suflicient lime is 
allowed either Lo print a character or to 
complete the worst case control function 
{carriage return across the entire length of 
the page). Of course, this version of the 
program will operate the Selectric al far less 
Ikan ils maximum rated speed, and will 
monopolize the processor's time while wail- 
ing for completion of each operation. [n 
order to improve on this, we turn nexL to 
the subject of control and timing. 


Control and Timing 


Now thal we have a working Seleciric 
interface, we can turn our allention to [wo 
major imprevements: driving the Selectric at 
maximum raled speed, and minimizing use 
of the processor's time for Selectric control. 

Ta drive the Selectric at full speed we can 
adopt an approach of "open loop" control 
or "closed loop” control. Open loop control 
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involves keeping track of the carriage posi- 
tion, margin, tab stops and similar informa- 
Lion in software (changing the margin and 
tab stop information via software inter- 
preted commands), and calculating Lhe delay 
time necessary for each operation, Closed 
loop control involves testing the Keyboard 
Printer's switch contacts to determine when 
each operation has been completed. The 
worsl case delay approach used in the 
program ot listing 1 is a simplified version of 
open loop control. For full speed operation, 
the closed loop approach is much simpler 
and more reliable; so let's consider it here, 
Nearly every mechanical operation opens 
or closes some set of switch contacts inside 
the Selectric. Sets of contacts are wired Lo 
the 50 pin receptacle in a variety of ways (о 
reflect aperalians such as printing, tabbing, 
backspacing, сіс. We will not consider all the 
possible methods of achieving feedback con- 
wol using these contacts, but will outline 
one particularly simple approach, which 
remains to be lested in my awn system. The 
pin labeled a on the receptacle is wired 
through a sel of normally closed contacts, 
and the pin b through corresponding nor- 
mally open coniacis, associated with (he set 
of common contacts connected to pin X, 
Figure 9 shows how these contacts may be 
debounced to yield a clean TTL level signal 
(ignoring the nominal voltage ratings for the 
contacts). Here we use ihe last half af the 
7400 package left over [rom figure 4. During 
any printing or control Function operation, 
pin a will go From ground to +5 V and hack 
io ground again, while pin b does Lhe 
reverse, Hence the feedback line will ga from 
logic 1 to O Io 1. By sensing this change in 
software through a loop testing the feedhack 
input port after energizing the magnets, we 
can closely control the operation, When the 
line goes to logic 0, we can turn off current 
to the magnets, and when it returns to logic 
1, we are ready to slari the next operation, 
The second problem we face in control 
and timing is how lo minimize use of the 
processor's time for Selectric control. Here, 
of course, is where the interrupl system 
comes into play. lf we are using the circuit 
outlined In figure 9 for closed loop control, 
we can tie the feedback line Lo 4 processor 
interrupt rather than to a data inpul port. If 
we are relying instead on open loop control, 
we can use a programmable interval timer 
which is capable of causing an interrupt as 
an alternative lo delay loops. The software 
to handle interrupts (rom the Selectric is 
slightly complicated by the need Lo shif 
between upper and lower case prior 10 
typing the next character, bul this can be 
handled by initiating the shift operation and 


then arranging to retry the character printing 
operation on Ihe next interrupt, at which 
time the Selectric will be locked into the 
proper case, 


Actual Experience 


Hopefully this article has given the reader 
all the information he or she needs to build a 
Selectric Keyboard Printer interface similar 
to, or better than mine. Lest you are unduly 
emboldened by the foregoing discussion, 
however, consider what can go wrong. 

| carefully tested the interface in stages, 
by using an chmmeter to verify that bit 
palterns senl to my computer output port 
closed the proper combinations of reed 
switches, and by testing the power supply on 
some of the Selectric's magnet coil con- 
nections. Nevertheless, when | Tirst Lested 
the entire setup, | thought | saw a blue flash 
around one of the reed relays when | tried ta 
pulse the R2 magnet. Nothing seemed Lo 
happen when | tried again, except that the 
R2 magnet wasn't being energized. Then, 
listening carefully, | heard a telltale sirm- 
mering sound that senl me leaping for the 
electric outlet, The R2 reed relay had stuck 
closed, and on further examination [ found 
that most of the arc suppressing diodes 
inside the Selectie had been destioyed, 
After painstakingly replacing the R2 reed 
relay and installing the diodes visible in 
photo 5, | tried again. This time I found out 
why the reed relay, like its replacement, was 
sticking closed! The R2 magnet in the unit | 
purchased had been burned out and was a 
short circuit. No wonder the unit was a 
surplus ilem. 

Not willing to give up, | managed io 
remove the coil from the R2 magnet core, 
and replace it with the coil from the unused 
(by me!) check magnet. After this feat, | 
found that when | typed manually on the 
keyboard, only @s, Os, and a few other 
characters could be printed! Only after 
hours of reading and experimentation did | 
discover that the adjustment of the plate 
holding the magnet armatures in place 
(which | had removed 1o change the coils) 
was critical, and could be set only by 
considerable Irial and error. 

These are the kinds of things thal can go 
wrong. You cannot be too careful in playing 
with these machines! Readers certainly 
should investigate the possibility of an IBM 
maintenance contract on al least the mechan- 
ical portion of the Keyboard Printer, which 
need nat be Loo expensive, 

And, to conclude, although | probably 
never would have undertaken this project 
had | known at the оше! what tt would 
ultimately entail, it certainly is satisfying to 
have that Selectric typing away under the 


SELECTRIC wav 
KEYBOARD 
INTER 
FEED BACK IK 
CONTACTS PLUG PINS 
NC 
NO 


control of my home computer. To anyone 
else who is ready to undertake such a 
project, | hope that this article has helped, 
and | wish you the best of luck.@ 
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INPUT PORT 
OR 
INTERRUPT 


Figure 9: А circuit for 
debouncing the feedback 
information generated by 
contacts in the printer 
which are mechanically 
finked tu the action. Using 
the feedback pulse to drive 
an input port or interrupt 
line cun result in operution 
gt the maximum possible 
speed since the timing is 
now on ап "each case" 


The 


For application In: 


1. Micro processing 7. 
2. Data 

recording/logging/starage B. 
3. Programming 9. 
4. Instrumentation 10. 
5. Industria! Control 11. 
б. R5232 Data storage 12. 


fabulous Phi-Deck family 
of 5 cassette transports 
under $100 in quantities of 10 


Featuring: 
+ Die-cast trames 
+ Remote controllable 
- Precise, fast head 
angage/disengage 
- Quick braking 
* Search FF/rewind 120 ips 
* Speed ranges trom 
i -4 to 20 ips 
Electronic packages and mag heads for most applications 


Security/automatic warning 
systems 

Test applicatinns 

Audio visual/education 
Telephone interconnect 
Hi-Fi 
Polnt af sale 


basis rather than "worst 
case. 
Instruction," Form 
= 


(Have Representative call 


Name 
Company Name 

Address 
City. 1 State 


a 
"Tiiplel A Division of the Economy Co. b 
4605 М. Stites Р.О. Box 25308 
Oklahoma City, Oklahoma 73125 (405) 521-8000 
O iam interested in application по. 
O Send application notes 


Title 


Zip 


Phone Number 
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A 6800 Selectric IO Printer Program 


Listing 1: The listing of 
the Selectric printer inter- 
face routine for a 6800 
system driving the IQ ver- 
sion of the standard office 
typewriter. This listing is 
extracted from [wa ds- 
semblies done using the 
Southwest Technical Pra- 
ducts Corporation hs ver- 
sion of the M6800 self 
assembler, The first part of 
the listing is the actual 
code, and the second part 
is a table of Selectric cor- 
respondence codes which 
fs referenced using ASCH 
codes as an index into the 
table which Is computed at 
CONV f. 


SETPG 
ENTER 


00001 
00002 
00003 
ойдан 
60005 
00006 
00067 
60008 
206009 


00010 
onal. 


0601 
00013 
ODOLI 
00015 
00015 
орет 


pavla 
00019 
Donau 


00021 
00022 


10023 


орогч 
00025 
00026 


00027 
00028 
06029 
00030 


60031 
00032 
00033 


00034 
00039 


00036 


џо037 
00038 


00039 


ровар 
00041 
60042 


00043 
осона 
00015 
00046 
00047 
onnuB 
орана 
00050 
00051 


00052 
00053 
00054 


0100 
0100 
0212 
0212 


barr 
One? 


0930 
0930 
1306 
13D6 
lTCD 
17ср 


17er 
1702 
i705 
4707 


170A Е 


170D 


170F 
1TE2 
ATES 


lTEB 
lTEb 
ІТЕЕ 
1TTl 


HERE 
17FÉ 
"ring 
1ТЕН 
lTFD 
LTEF 


1801 
1803 


1405 


1408 
18028 
180Е 


1810 
1812 
1814 
191] 
1814 
1816 
181E 
1880 
1880 


1882 
1885 
18B6 


N-6BO 
ШЕ] 


D ASELMBLEE 
+ IPQ182,2P,2L,2T 
НАК 
WSELECTRIC 
OFT 
ирг 
ӨРТ 
ORC 
7E l1TCD JĦF 
ORG 
BU ITFà JGR 
оду 
LOFF Fos 
ORG 
1900 rob 
Она 
1960 FOB 
ohg 
CO FF START LBA B 
FT 8000 STA В 
ТЕ 6002 CLR 
СБ ON LEA B 
FT Вйб1 STA B 
ET 8003 STA B 
co Bil LBA B 
Рт 8000 STA B 
F7 18a Bla u 
Fk 1814 LDX 
ГЕ i8Ch STY 
BD 1804 ao 
TF Вооб CLR 
TE $3100 JKE 
Bs TF START] AND А 
FF iBCcD STX 
81 10 СМР A 
26 n2 BHE 
zn 04 BRA 
Bi ub CR СМР A 
26 0h BNE 
Be НЧ — CRI LDA A 
FE 181¢ LEX 
РЕ IBCB STX 
ТЕ 18ВА JMF 
81 20 kh CMP A 
26 05 BRE 
BE Bà LDA A 
ТЕ 18B4 IME 
TE 1860 CONVO JMF 
2000 couuTi FDB 
1000 COUNT? FOB 
olen COUNT] FOB 
ORG 
81 20 СОМУНТ СМР А 
22 02 BHI 
20 33 BRA 
Вт 1800 CONV] STA A 


140 


SELECTRIC 
DRIVER PROGRAM FOR SWTPC 6800 AZSERDLLF 


о 
L 
+0100 
START 
$0212 
STARTI 
$087 
$1B8FF 


$0930 
#1900 
£1306 
$2900 
fiTCD 
#$FF 


PIAGET 
PIACHK 
LETS 
PIAGUT+1 
PIACHK*l 
#381 


PLAGLT 
CASE 
СОХР 


COUNTR 

TIMER 
FIAOUT 

$306 


ТР 
SAVER 
#10 


CR 
CR1 


Pío 


SF 


psül 


COUNTE 


COUNTA 
EX} 
st20 


convo 
*%88 
EX2 
CONYRT 
$2000 
$1000 
30400 
$1880 
#$20 


CONV) 
EXIT 


TABLEP41 


CALL DUTPLT(HEW] 


MARE HUGH FOR PATCH 


INITIALIZE PIA 


START ALWAYS IM LOWER CASE 


УБІР TIMER КОН SHIFT CYCLE 


SOTO MAIN PRGN 
RESET PARITY 
SAYE XhEG FOR MAIN РАСМ 


TRAP HOME-UP 


FRINT IT AS CR LE 


TRAT CR 


SETUP TIMER FOR “CR,LP 


TRAP SPACE 


GO PRINT BUT DO WOT RESET MIG 


IS IV A PRINTING CHARACTER? 
чык 
WO 


CONVERT CODE 


The following letter and fisting 7 were re- 
ceived from an Italian reader af BYTE, Ful- 
vio Guzzon of Rome. Fulvio purchased the 
same print mechanism {IBM Model 735 10 
typewriter} which is described by Dan 
Fylsira in his article in this issue. We're treat- 
ing Fulvia’s letter as a short article, since its 
technical! content is far above that of the 
usual letter, The listings photographically re- 
produced here were typed on pin feed paper 
using his printer mechanism. The text of his 
letter was submitted using a text editor with 
the Selectric ТО mechanism as its output. 


[ understand there is some interest among 
your readers in using a Selectric typewriler 
for hard copy. As you can see | have fun- 
neled an editor program (SWTPC) and an 
assembler program (SWTPC, too) through a 
Selectric lypewriter. {The original of this 
nate was typed on the Selectric. | | bought 
ihe machine on the surplus market in Boston 
and it had some prablems: 11 was stuck in 
upper case by a bal screwed on the right 
side of the frame, it had some unrecoverable 
backlash in the head rotate mechanism, and 
many feedback and interlock conlacts were 
missing or badly damaged, t had the machine 
serviced here in Rome (Italy) and at last, 
with à new carriage, a new motor (here we 
have 220 V 50 Hz power}, and a new set of 
shift magnets, the printer was ready, | de- 
cided to use it only as a printer in order ta 
reduce the hardware and software effort ta 
a minimum. 

On the underside of the machine there 
are seven printing magnets. In table ] | have 
paired them with the bits from 0 to 6. Seven 
transistors provide for the interface between 
the PIA and the printer. 

There are seven more magnets for the 
machine commands: space, backspace, tab, 
carriage return, index (line feed), upper case, 
and lower case; so seven more transistors arc 
required. Seven output lines fram the РГА in 
slot O are switched between the two sels of 
magnets by digital logic. The various feed- 
back and interlock contacts were wired in 
series ancl filtered for bounce by a condenser 
and a software loop. The conversion table 
shown in the assembly listing pravides for 
the characters used on the so called ''Сог- 
respondence" balls. As | later found out, 
there are minor variations between the balls 
of this series, 

The MSB in the table is set when the 
character to be printed is on the upper case 
half of the bull. (The upper or lower case of 
ASCII code bears no relation to the upper 
or lower side of Selectric golf balls). The 
MSB of the output byle to the printer 


Listing !, continued: 


00055 
Q0056 
00057 


00058 
00059 


opta 
00061 


goné? 
42063 
оооба 


00065 
00066 


00067 
0006# 
DOt&9 


00071 
00072 
00073 
опта 


00075 
00076 
00077 
09078 
09079 
рорвџ 


00081 
00082 


00083 
gogu 


apog 
00086 
00007 
00088 
00083 
Шр 
00091 
0092 


00093 
06091 
90095 


00096 
00097 


00098 
00099 
00106 


90101 
60102 
00103 


o01g4 
00105 
02106 


00107 


1889 РЕ 
1BBC AG 
186Е 26 


1890 20 
1892 cA 
1894 06 


1895 20 
1696 Св 
1894 Fl 


1890 27 
l8or PT 
18A2 гї 
18A^ FE 


iBAB РЕ 
1ВАВ BD 
ASAD TF 
1660 BD 
1882 Bh 


1E54 Fi 


1857 FF 
lüBA B7 


1BBD 82 
iBBF FL 
18с2 30 
1803 Fa 
iBCc& 09 


1BCT 26 
1869 39 


18¢A 00 
1866 000 
18са поа 
18cF 180 
18р Hb 
1803 c6 


18р5 P5 
1808 27 
160А ТЕ 


1800 Вр 
18рр F5 


18Е2 26 
18Е 35 


18E8 


1BEB £1 
lBEg 20 
1BEA 20 
lBEH 20 


18ЕС 20 
IBLE 20 


1НЄР 


i8EE FFF 


1ЕРО C2 
18F1 20 
BPZ ар 
1BP3 20 
18F4 20 
16F6 20 
1ВР& РЕР, 
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LDX 
LDA A 
Bre 

* THE BALL? 
BRA 


CASECK BFL 
LpA B 


BRA 
CASELW LDA Н 
SKIP CHP B 


"AS THE PREVIOUS ONE? 


BEQ 
STA B 
STA В 
LDX 
STX 
BSR 
CLE 
BSH 
IMINTL AND A 


Exe LDI 


EX] STA A 


EXIT LDX 


TIMER LDX 
LOOP DEX 


PIAOQUT EQU 
FIACHK EQU 
CASE FCB 
COUNTR РОВ 
SAVEX РОВ 
VABLEP FOB 
WAIT] BSR 


WAIT2 HAR 


ORG 


ETO НЕХТ РАЦЕ 
ЕСА 
ЕСС 


FDB 
FCB 
Fee 


FOB 


TABLEP 
9,X 
CASECK 


EXIT 
CASELW 
dico 


SKIF 
#481 
САБЕ 


PRINTI 
PIAOUT 
CASE 

COUNT 


COUNTA 
TIMER 
FIAQUT 
TIMER 
LEES 


COUNT 


COUNTR 
PIAOUT 


WAITL 
SAVES 


COUNTA 


LOUP 


#8000 
+5002 


$1600 
TIMER 
#1 


PIACHK 
WAITI 
PIAOUT 


TINER 
PIACHK 


WATT 


51BEB 


4C1 
5, 


SFFFF 
%са 
5, 


РЕР 


ІС IT AVAILABLE SOMEWHERE ОП 


NO, RETURN 
MEB CLEAR? 


NO,CHECK IF PAINTER IS IM ШШ 


YES,CHECK IF PRINTER I2 If Lt 
HEW CHAR. SANE HALFBALT 


YES GO AND PRINT Тү 
NO, ROTATE BALL 180 DEGREES 
AND RECORD IT 


SLTLP TIMER FOR SHIFT CYCLE 


RESET CASE BIT AND 


SETUP TIMER FOR PRINT CYCLE 


Now PRINT 


RESTORE X REG 


GO AND FETCH НЕХТ CHARACTER 


SETUP MASK 
PRINT CYCLE STARTED? 
но 


YL5 Oh IT1'5 WAT 


KEADY FOR А NEW ONE? 
но 
YES! 


SHIFT START OF SYMBOL FALLE 


Listing !, continued: 


00100 18Е8 DB 
00109 19Ру 20 


18FA 20 
18FB 20 
i8FC 20 
18FD 20 


00110 18FE FFFF 


00111 


START 
STARTI 
ÇR 

CRI 

SP 
CONVO 
COUNT 
COUNT? 
COUNTS 
CONVAT 
CONVI 
CASECK 
CASELW 
SKIP 
PRIWTI 
Exe 
ЕХ1 
ЕХЇТ 
TIMER 
LOOP 


1700 
17F4 
1ТЕР 
1803 
180Е 
1817 
181A 
181с 
1818 
1880 
1886 
1892 
1898 
1894 
1882 
1584 
185A 
HEF 
1803 
18с6 


PYAQUT Boon 


FIACHK 
CASE 
COUNTR 
SAVEX 
TABLEP 
WAITI 
WAITZ 


TOTAL 


БЫТЕ 

ENTER 
00001 
00002 
00003 
00004 
00005 
00006 
20007 
00008 
00009 
00010 
00011 


8002 
18СА 
1808 
18ср 
18СР 
1801 
1йрр 


ERRORS 00000 


€ M-6800 ASSEMB 
PASS : 17,18, 


iB2i 

182i FE 
1822 ph 
1823 BE 
2824 СЕ 
18?5 рё 
1826 Dë 
1827 54 


бап1г 1828 86 
00013 1829 CE 
00010 182А 9E 
00015 1828 BO 
00016 1B2C 18 


00017 


182р 01 


©0018 182E JA 
00019 162F ЛВ 
on020 2810 46 


FCB 
FEE 


FDB 
ЕКО 


LER 

oP ,2L,2T 
HAN 
OFT 
ОРТ 
она 
FCE 
FGE 
FED 
FCB 
FCB 
FCB 
rea 
KCB 
VCH 
FUB 


+08 
5, 


FPFF 


Table 1: Assignment of bits. 


BIT6 
ВІТ 5 
BIT 4 
BIT 3 
ВІТ 2 
BIT 1 
BIT Ò 


00021 
oig? 
00021 
робак 
00025 
00026 
00027 
00028 
oo029 
00030 
00031 
00032 
00033 
00038 
PEE 
09036 
00037 
c0038 
00039 
OgoNo 
00041 
Books 
00043 
Ер] 
00045 
ооба 
00047 
00048 
00015 
t050 
00051 
60052 
99053 
0005 
00055 
00056 
00057 
00058 
00058 
ообёо 
00061 
bogs 
00063 
борел 
00065 
00067 
00067 
00068 
dagg 
noo7u 
tooti 
00й72 
00073 
бт! 
00075 
00070 
00077 
00078 
000795 
00080 
00051 
nouBa 
05083 
üogBh 


1831 
i832 
1833 
1834 
1835 
1836 
1837 
1838 
1819 
1834 
1838 
183с 
1830 
183E 
l83F 
1840 
1841 
1842 
1813 
181 
1845 
1886 
18а7 
1818 
1849 
1B4A 
Hr 
1g4c 
1BuD 
1B4E 
1684F 
18590 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1h59 
1h54 
1658 
185C 
1550 
185E 
185г 
1860 
1861 
1862 
1862 
1861 
1865 
1866 
187 
1808 
1869 
i864 
1868 
1866 
1660 
186E 
1BGF 
iBTO 


ROTATE+1 
ROTATE+2 


ROTATE+ZA 


ROTATE-5 


TILT 1 
TILT 2 
CHECK 


Fen 
FCH 


РСВ 
FUB 
FCR 
FCD 
PCR 
РСЬ 
ree 
FCB 
РОВ 
FEB 
FCH 
РСВ 
FB 
FCH 
FCR 
rca 
reh 
FCE 
FER 
Feb 
FCB 
FEL 
FCR 
Pes 
FCh 
Fob 


interface is set to select a machine com- 
mand, Only one input line of the РІА is used 
to sample the status of the printer READY 
or BUSY. 

Since the shift feedback and interlock 
contacts were missing, a timing loop pro- 
vides for the timing Here; however, for the 
carriage return it has been necessary Lo build 
an interlock contact to lock out the printing 
function till the completion of a carriage 
return which takes a variable time. 

A commented assembler fisting of the 
program driving the printer was written for a 
6800 and assembled with output to my 
Selectric (see listing 1). It can be loaded 
after the original SWTPC tape has been read 
in. A refinement which could be added is to 
provide for motor on or olf via software as 
the printer can be powered up only after the 
program is running. This is because ihe 
power up reset of the computer leaves the 
PIA LINES all programmed as inputs, ie: 
open circuited and this simultaneously turns 
an all the machine magnets, 

Another refinement could be to sense via 
an unused input line if the motor is on or off 
and steer the output to a TV terminal when 
the printer is off. Ta probe into undocu- 
mented programs like the SWTPC assembler 
or editor, | used a little program which 
searches the memory for a particular string 
Of bytes and prints out the address of the 
first byte when and if found, | think it can 
save lots of Lime. 


Fulvio Guzzon 

c/o L Alessio 

Via Anassagora 63 
Casalpalocco 00124 
Rome ITALY m 


00085 1871 10 ECH 410 
nnüB& 1872 5E FCH $56 
00067 1873 44 FCH БЫШ 
00088 1574 тг FCB 472 
00089 1875 ЗА Feo 534 
00090 1876 3C FCE DE 
üon91 1877 04 FCE fou 
00092 LATA ТА FCB STA 
00091 1875 ho РЕН $40 
oooga 1874 76 ЕПВ $76 
00095 END 


TOTAL ERRORS ОООО 


when energized removes the ROTATE+1 latch 

when energized removes the ROTATE+2 latch 

when energized removes the ROTATE+2 supplementary latch 

when energized activates the ROTATE-S latch 

when energized remaves the TILT 1 latch 

when energized removes the TILT 2 tatch 

this one unlatches the print clutch (and so does every one of the previous six] 
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When you get your home or 


office computer, 


will you 


know what to do with it? 


The typical home or small business computer system starts 
wiih a microcomputer, keyboard, cassette recorder, and TV sel. 
From there you can add the peripherals, sensors. controllers, 
and oiher devices you need for your own special applications. 


Music, Speech 
Synthesis 


keyboard 
Cnssetle 
Recorder 


Flappy Disc 
Joysticks 
Quipul 
Inpul Sensors Control Linas 


Creative Computing Magazine is dedicated to describing 
applicatians for home, school, and small business computers 
completely and pragmatically in non-technical language. You 
won't need a Ph.D in Computer Science, or a technical reference 
library, or a computer technician beside you ta get these 
applications up and running. We give you complele hardware and 
software delails. Typically, applications utilize commercially 
avallable systems. However, if an application needs a piece of 
home-brew hardware, we tell you how ta build il. Or if it requires a 
combination of high-level and machine language code. we give 
you the entire listings along with the [lowcharts and algorithms. 

We also run no-nonsense reviews of computers (assembled 
and Kits}, peripherals, terminals, software, and books We're [rank 
and hones, even if it costs us an advertiser, which it occasionally 
has. 

Here are just some of the applications you'll see fully described 
in future issues of Creative Computing. 


Color TV Set 


Micracomputer 


Building Management and Control 

T. Alarm moniloring/patice notification 

2 Environmentai control (heating, air conditianing, humidifica- 
поп. dehumiddication, air purity, etc.) 

3 Fire and smoke detection 

4 Appliance contro! (microwave oven, gas oven. refrigeralor ) 

5.Penmeter system control (sprinklers, outdoor lights, gates) 

6.Solar and/or auxiliary energy source control 

т Walering system control based оп soil moisture 

8.Fuel ecanomizing systems 

8.Mainlenance alert system for househoid devices (key 
component sensing and periodic prevenlative maintenance) 


Household Management 
1. Address/lelephone file 
2 Investment analysis 
3 Loan/annuity/interest calculatrans and analysis 
4. Checkbook maintenance 
5. Periodic comparisons of expenditures vs. budget 
6. Monitor time and cost of telephone calls 
T. Record incoming telephone calls and select appropriate 
response ta caller 
8. Recipe file 
9. Dielnutetion analysis 
10. Menu planning 
11. Pantry inventory/shopping list 


Health Care 
t. Medical/dental record keaping 
2 Insurance claim processing 
3. Health maintenance instrumentation control (EKG. blood 
chemical analysis, diet analysts. self-diagnosis} 
Education and Training 
i Mathematics drill and practice 
2. Problem solving lechniques 
3 Tulorial instruction In a given field 
4. Simulation and gaming 
S. Music instruction and training 
8.Music composition and synthesis 
? Learning lo program 
§ Soflware development 
9. Perception/response/manipulation skills improvement 
Recreation and Leisure 
1. Games, games, games 
2. Puzzle solving 
3. Animation/kinetic art 
4 Sports simulations 
5 Needlepoint‘stitchery/weaving patlern generation 
&. Computer arl 
7.Library cataloging (books, records, ete.) 
8 СоПесіоп catalog/inventory/value (coins, stamps, shells, 
antique auto parts, comics, etc.) 
9. Model raliroad conlrol 
10. Amaleur radio station control 
11. Astronomy, star, planet, satellite tracking 
12. Rabolics 
13.Speech recognition and synthesis 


Business Functions 
t. Small business accounting 
2 Ward processing/texi editing 
3 Customer files 
4.Soitware development 


5. Operations research |o S 
6. Scientific research с, 

7, Computer conferencing Кы g NI 
8. Telephone monitoring Pd a PS 

9. Engineering calculations © 


10. Stalistical analysis ©? 
11 Survey tabulalion st 
12. Inventory control e eS К, 


13. Malling lists 


——— – – iMi —————————-— 


SUBSCHRIPTION ORDER FORM 


Seid m Crestive Computing All: Becky 
| PO Вол 789-M Morrstown NJ 07960 


— e — Á чч „= ee SUP ee GENE REND EE REED eee VER GENER mm ud 


| | 
| Туре Term USA Foreign 1 
текат саг U 1 
| Mad u 21 : 5 > | 
| Lifetime - зо no 400 | 
і ДЕШЕДИ d. Year u 15 Z 15 l 
| 3-Year E 4q af | 
| Мм Ronewal | 
| Gash chech оғ MO enclosed | 
| Bank ^mencard Card Nọ __ — | 
Masiu Charge Expiration date 
Please boli me {51 00 billing fee will be added} 
| 
| Мате | 
Aadass - | 
| iby - Slate р | 
| | 
і 


Circle 87 on inquiry card, 


Circle 263 on inquiry card. 


Circle 174 on inquiry card. 


The New Programmable Clock Kit 
from Digital Concepts. $29.95 


SYSTEM HHG n rive pragramerglie Пон а. bit that takes bel Tod 
ing u Gree ts qimnence Tha verdi hai ren tevani 10 eet a var 
e ul particu amuwiromensy ani tastes, quii aanrand 
ienaa qum ыйы nr cream а Manly тфү йш Veniet 
Bumeran Гы! гут arvi features are үлүе! Tor ma imam Vest 
її arl дардан, and aty de wll Can Lt шй tn comite! тту 
аши! Iepr oF dime Баяраа aid eming devices 


SYSTEM 0000 « nr a иктин L EC) qure of day chock Iag o Lui 
Feature spal (имза учтет» гок! n aeromplisives! by 
contran the аргаа pimo ied yerrcher to pravis 114 
атайы) syslen canfiquealitin Camer anemily эм} pigum 
иги педин uty Ine Suen 


SYSTEM BOOD has a пазл reabuuk uie wi tous (157 
numeral that Пэнди apy dint анде аду асла 1a thu 
amban byt Chis ungue una dria, peneides apiimuei reat 
alas] 3*2] waars feni aimant шту evig angi 

SYSTEM 5000 cin be Dust ax а sleik sige alai cirich , Coinstar 
clark ы al ОР husn ит елу Pil Маб timepiece Thn Uupiraie 
Piw Нг» tan ннн! wipe] [mu ox апо! T «nf Zone pel 
AGAT бтм mmaa ODE remanere canabetity 1s nerdy ded 
Hyi States н À guari) Hmm parte n ma Alle [at Inm [n Pigh 
LEA live ail питаме) arre nr st ate AC пе їндї Fail 


SYSTEM 5006 can autorttavicall y conten AC я> JIC grevens up 


Taneharping Fuuctiom. 


Vini i Dae Fenster 
йин» Fore Bes 
Vos DA Ina Atan 

rate За Vio Am 
D 
it nin Calera 
э Dawe Cazes 


THe Aerei. 


saaan’ 
тазаа» 


RELAY OPTION - $4.00 
Tot lentes. AEH) want relay amk all apertae Lztciodwats Will «е 
AL en HC arcas ch av anphosre: werent. er 
üuARTZ TIME BASE GPTION – 5635 

Fit iei alio nnm m AD Ag, nel ultor septi ба геш saln g 
тигр Dim t verve tere tu sum GOME ars Een ret 
пе Quas Cry tla, IC Dioder Irons 
18 TU buril all нагу anr udian, aat Fs ale ier 


танча, anal 
инен ce 


ORDER THIS EXCITING KIT TODAY AND PUT 
ELECTRONIC TIMEKEEPING TO WORK FOR YOU! 


48 digital cancepEs 


FEATURES AND SPECIFICATIONS 
Powlae 

Tag 4 D gpl Ё иеге Parm 

Alamang Drighirys © 

12 е ЭЛ Hur Опуза Г. 

Pt? anl Parmer Ёзге Iria er 


Piani ther Ша! 
гт Se тн це, all 461 


SYSTEM 5000 сәг 
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SYSTEM 5000 i: 


Ganctal 
Fomati Ваше Рече "ttm 
Heres диз Canasta Iriiri Conituty 
fecu Dita 

этш!) Wola 
LO 
SO i HO Ha, VEZ ae, 3 
1%°м «42 ant 


игит 


SWITCH OPTION - $3 75 


Luman À hia SPST m 

КҮК ЛАРК КҮҮЛҮҮ ҮҮ 
CASE OPTION - 51100 

Thuy Меат» amb Huston] ыйы] ань 13 B E anat епт; un 

Мед housing tor she romplareil weiter fnelugm rear hand 

mostari blun lacaplatr. vies бшс# ме itine ца ypris} arm 

5100ка feature илен Py x St a T 


ТЕТЕ DPT padania 


[ICI 


Digital Concepts Corporation + 245 Route 46 
Saüdls Brook, New Jersey 07662. * (203) 845.7101 


MULLEN COMPUTER BOARDS 


BOX 6214, HAYWARD, CA 94545 CAVE 


e s1vu3Hdiu3d IWIUd 


#°° IVSWI/UIvrIV 


B fast reed relays respond to an 8 bit word: Feed 
the relay associated with its bit a "1" ond it closes, give it 
с "0" and it opens. Also, 8 opto-isolators accept an B bit 
word from the outside world and send it to your com- 
puter for handshaking or further control purposes. 

Especially suited for model railroad, burglar alarm, 
audio switching, ham radio, music synthesizer, and auto- 
mated display applications, this board goes wherever 
you need а general purpose 1/0 switching gizmo 


wah 


BOARD $117 


R COMPUTER S 


EXTENDER 


w£ 
Whether for troubleshooting or analysis at some point 4 
you'll nged an extender board. Ours offers a built-in logic 
probe, special edge connector that allows clip lead probing, 
jumper links in ай supply lines, a non-skid probe. . . plus $ 
good instructions and a realistic price. i 
x 


pea are kit form only. Cal res add tax. ~ 


ZATIBLE € AVAILABLE BY MP 


A Full Size Floppy Disk 
with Altair Interface 


E 


Peripheral Visian, POB 6267, Denver 
CO 80206, has announced this full size 
floppy disk for the Altair bus. Prices 
start al $750 for the interface card kit 
and one assembled and tested drive. A 
24 V at 2A power supply is also avail- 
able in kit form for $45 or assembled for 
$65; and a cabinet is offered for an 
additional $85. The Peripheral Vision 
floppy disk interface card supports eight 
drives and according to the press release, 
stares over 300,000 bytes per floppy. A 
bootstrap EROM is included ta make 
system start-up automatic. 

The floppy is completely Altair bus 
compatible, and interface cabling is in- 
cluded, The Peripheral Vision floppy 
disk drive itself is manufactured by 
Innovex, and comes assembled and 
tested, A disk operating system with file 
management system is included on a 
floppy disk cartridgc.m 


Circle 615 on inquiry card. 


———————————— 


New Technology for the 9900 Family 


Texas tnstruments [nc has introduced 
a new version ol the 9900 architecture in 
the form of this SBP 9900, which uses 
integrated injection logic (called 12L in 
much of the engineering and design 
literature). The key features of this new 
product are in the subtleties of using the 


chip at a hardware level (software is 
identical to the previous TMS 9900 and 
Texas Instruments’ 990 line of mini- 
tomputers which use this architecture). 
For the hardware designer or homebrew 
hacker, this new premium version of the 
design gives a wide (—55^C to *125"C) 
operational temperature range, infinitely 
variable clock rates from DC to 3 MHz 
(power consumption levels vary with the 
rate) and TTL compatibility with wide 
tolerances on power supply voltages. 
This is, however, a premium device 
intended for applications which require 
ruggedness. The ceramic packaged SBP 
9900 starts at a $386 price in 100 piece 
quantities. Reader inquires should be 
directed to Texas Instruments Inc, In- 
quiry Answering Service, POB 5012, M/S 
308 (aitn: SBP 9900), Dallas TX 75222. a 


Circle 616 on inquiry card, 


À Rugged Z-80 Product 


1-2 


Üonpuer sten, : 


Cromemco has sent alang this press 
release piclure of the new Z-2 processor 
which is the latest product of their 
laboratory. This processor uses their 
Z-80 processor board which according to 
the company is available in a fast 4 MHz 
version, Coupled with Cromemca’s other 
peripherals which also work at this 
speed, in principle this one has one of 
the fastest processors yet available in a 
commercial product, The basic box con- 
tains the processor card, a mother board 
with 21 card slots for Altair compatible 
cards, and a heavy duty power supply 
intended to suffice for all system needs 
including floppy disk drives. Naturally, 
in addition to the $595 kit version of 
this processor, you'll want to have some 
dedicated monitor ROM and extra 
peripherals, but the price makes it an 
altractive way to starl building a system. 
Cromemco has software of a monilor, 
assembler, and a BASIC with processor 
control extensions. The firm also makes 
numerous peripherals including digital 1o 
analog interface cards, ROM memory 
cards and a color graphic product. 
Cromemco is located al 2432 Charleston 
Rd, Mountain View CA 94043. а 


Circle 617 on inquiry card, 


А 16 K Byte Memory Board 
RHS Marketing, 2233 E| Camino 


Circie 278 an inquiry card. 


IMSAI 8080 kit 


i WITH 22 SLOT MOTHER BOARD 


plus $10.00 shipping 
3k blank RAM board 


Fealurim 


OFULL BUFFERING ON ALL DATA, AND ADDRESS LINES 

ОМЕМОВҮ PROTECT/UNPROTECT 

for 2102 type memory — @ SELECTABLE WAIT STATES 

$25.00 oDIP SWITCH ADDRESSING 

SPECIAL LIMITED QUANTITY 

SUPERIOR TRP-125 PAPERTAPE READER (125 cps) $275.00 
FACIT 4070 PAPERTAPE PUNCH (125cps) $350.00 


Complete with all documentation, including field service 
manuals and schematics, 


WAND READER $75.00 Reads РАРЕВВҮТЕ г any 


2- ог 3-color bar code. Pen Is fiber-optic, which plugs into 
analog decoding board. All documentation Is Included. 


О Оба QNO. ты 


Please call (607) 273-3271 for technical assistance and toorder, 
BankAmericard and Masler Charge orders welcomed. 


Confused About 
Printers? 


MPI HAS YOUR ANSWER! 
TTYREPLACEMENT? ............. ‚+. THESSP-40 $575 


The BSP-40 conlains Its own microprocessor for easy connection 
to yoUr serial port; 


LOWCOSTBUSINESS SYSTEM? THE MP-40 $425 


The MP-40 connecta (o your parallal port for ASC11, data transfer 


MINIMUM COSTFORHOBBYIST? ,.. THEKP-40KIT $4 7 9 


THE KP-40 KIT contains mechanism and minimum electranics for 
connection to your parallel port 


Allo} olf 40 series printers use (he same reliable 5x7 impact dol matrix mechanism with 
upto 40 columns per tine an ordinary paper wiih a print speed of 75 lines/minute 


MASTER CHARGE WELCOME * UTAH RESIDENTS ADD S5%'SALES TAX 
SEND FOR FREE LITERATURE 


s 
m | MICROPROCESSOR SYSTEMS AND PERIPHERALS 
| P.0. BOX 22101/8ALT LAKE CITY/UT. 84122 
(801) 566-0201 


145 Circle 71 on inquiry card. 


Circle 121 oñ inquiry card. 


Why Wait? 


o a— a 

== heim” - 
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The Tarbell Cassette Interface 


Piugs directly into your IMSAI or ALTAIR* 


Fastest transfer rate: 187 (standard) to 540 
bytes/second 


Extremely Reliable — Phase encoded (self. 
clocking) 


4 Extra Status Lines, 4 Extra Control Lines 
37-page manual included 
Device Code Selectable by DIP-switch 


Capable of Generating Kansas City tapes 
also 

No modification required on audio cassette 
recorder 


Complete kit $120, Assembled $175, Manual 


j TARBELL ELECTRONICS 


20620 S. Leapwood Ave., Suite P, Carson, Ca. 90746 
(213) 538-4251 
California residenis please add 6% sales lax 
“ALTAIR is а trademark/tradename of MITS, INC. 


BUILD THE CRATE! 


Real, Palo Alto CA 94306, sends this 
picture of a new Altair compatible, 
assembled and tested 16 K byte memory 
board with a price of $485 or $30 per 
installed 1024 bytes. The board contains 
its own refresh control logic and uses 
4 K dynamic memory chips with a total 
board power consumption of 3 W, Ex- 
ternal to the board, this product looks 
like a static memory board and has no 
wall states since Lhe refresh is trans- 
parent. The number of personal com- 
puters with a saturated 64 K memory 
address space js likely Lo go up as тоге 
and more products such as this reach the 
markete 


Circle 618 on inquiry card. 


Controlling Those Necessary Bells, 
Whistles and Other Goodies 


pt — n LN \ 
а 4 4 L3 j — 
-— 8 p” » 
% ? Sun 1 — 
-—— ye LP S JS 


THE S-100 CARDFRAME THAT 


YOU CAN BUILD FOR LESS THAN $150 
COMPLETE PLANS, INFO ON TOOLS, PARTS, SOURCES, ETC 


ORDER THE CRATE ВООК.,.....,...,......,... 


ENCOUNTER! 
FOR GAME LOVERS, REALTIME GAMEBOARD WARFARE ON A VDM 
NO TAKING TURNS. JUST ACTION, STRATEGY. AND LOGISTICS 


8080 CODE ON P-TAPE + SOURCE, RULES ...... $16.95 


USE SYS 8/SOFT PKG 1? 
AUTO-LINE ENTRY, STRING EDIT, AUTO TABS, OCTAL NBRS 
MULT. SECTION ASSEMBLIES, MORE ADDED BY OUR PROGRAM 


SOURCE ОМГҮ.5$РКО.5..............›......... 


OBJECTIVE DESIGN, INC. 


P,O. BOX 20325, TALLAHASSEE, FL. 32304 


Circle 260 on inquiry card. 146 


Comptek has designed and тапш 
factured this interesting агау of com- 
ponents with the needs of the real world 
interface in mind. The heart of the con- 
trol setup is of course a typical micro- 
computer, an Altair bus compatible 
machine into which the main "control 
logic interface" board plugs, Out of the 
board comes a ribbon cable to a DB-25 
connector al the back edge of йе 
cabinet. The DB-25 js in turn the recip- 
ient of a cable which goes to your 
remote power unit, the box shown in 
this picture, This Бох, which is one of 
many which may be driven fram onc 
control logic interface board, contains 
the optically isolated 400 W controller 
lor 110 VAC. The costs of this interface 
in kit form are $189 for a 16 channel 


PC321/6 control logic interface card, plus 
$39.50 for each PC3202 400 W power 
control unit kit, Other options include 
fully assembled versions at higher prices 
and a 32 channel PC3232 control logic 
interface card. A product like this is 
needed when you want to have yotir 
computer drive 110 VAC appliances, 
lighting circuits and other household 
electrical loads, Comptek is located at 
РОВ 516, La Canada CA 9101].« 


Circle 819 on inquiry card. 


Morrow Tape Interface 


Morrow's Micro Stuff, POB 6194, 
Albany CA 94706, has introduced this 
Altair bus plug-in unit which generates 
and reads data on up to three channeis 
of audio recording in the Kansas City 
standard of recording, at 300 bps. Also 
thrown into the board is a serial port to 
allow communication with a Teletype 
with reader control, as well as any 
RS-232 serial device. Also included is an 
8 bit parallel board for use with parallel 
interfaced peripherals such as keyboards 
or tape readers. A ROM on the board 
holds 512 bytes of programming for the 
Cassette inlerface, UART simulation, and 
transfer to or from your 8080's memory 
or ihe 512 byre programmable memory 
region on the board. This board is 
available In kit form for $120 or assem- 
bied and iested at $165 with warranty. 
The product is marketed by mail or 
through computer stores. s 


Circle 820 on inquiry card. 


Matrox Video Display with 
External Sync Capability 


One fascinating passibility for Ihe use 
of small computers is in combination 
with standard video signals for various 
purposes. (An example might be display 
of product feature data along with 
digilal messages in a merchandising 
situation such as a department store.) 


Circle 127 on inquiry card, 


comptek. Boards DO Something 


Ww "rc CL2400 
| І Real Time Ciock 


$98—Kit $135—Assembled 


If your system needs to know what lime it is, our CL2400 is 
the board for you. The present time in hours, minutes, and 
seconds is always available for input, and is continuously 
updated by the highly accurate 60 Hz power line frequency 
Need periodic interrupts? The CL2400 can do that, too, at any 
of 6 rates. Reference manua! with BASIC and assembly 
language software examples included 


РСЗ200 
Power Control System 


P63232 $299—Kil $960—Assm 


| > 
2 PC3216 $189—Kit $240—Assm. 
cm 


PC3202 $39.50—kit $52—Assm. 


Н your system needs on/off control of lights, motors, 
appliances, etc., our PC3200 System components are for 
you. Control boards allow one 1/0 port to control 32 (PC3232) 
or 16 (PC3216) external Power Control Units, such as the 
PC3202 which controls 120 VAC loads to 400 Watts. Optically 
isolated, low voltage, current-limited control lines are 
standard in this growing product line. 


comptelk_ р Bex 519 
La Canada, CA 91011 


"Real World Electronics" (213) 790-7957 


16 K STATIC RAM 


For ALTAIR / IMSAI / POLY 88 


$459 KIT 


ASSEMBLED $529 


USES 4K STATIC RAMS - NO REFRESH 
VERY LOW POWER - LESS THAN 1 AMP 
Z80 FAST - 200ns ACCESS TIME 
PROVISION FOR BATTERY BACKUP 

LOW PROFILE SOCKETS FOR ALL CHIPS 
EACH 4K ADDRESSABLE TO ANY 4K SLOT 


HARDWARE/SOFTWARE MEMORY PROTECT 
FOR EACH 4K 

SPECIAL PAGING OPTION ALLOWS UP TO 

1 MEGABYTE ADDRESSABLE MEMORY 

* LOW COST 


5 BOARDS — 595 
10 OR MORE — 10% 
DEALER INQUIRIES INVITED 


OMNI SYSTEMS INC. 
Р.О. BOX 7536, UNIV. STATION 
PROVO, UTAH 84602 


READER SERVICE МО. 198 
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le 143 on inquiry card. 


Your Mail Order Computer Shop... 


MSA! 8080 kit with 22 slots (limited quantity) $645.00 


TDL Z-80 ZPU (the one with full software available now) 242.00 
Edge Connectors and guides for IMSAI each 4.25 
Edge Connectors and guidesforIMSAI10for ....... 40.00 
Vector Graphic 8k RAM kit with 500 ns t 

Seals 8k RAM kit with 250 ns chips i À 
North Star complete Micro-Disk System kit eei in e 


WETAKE 


MASTERCHARGE OR BANKAMERICARD |] 
Far phone and mail orders... BANKAMERICARD 
tadas% ol TOTALORDER forservicechargey 8 


TERMS: Shipping charges — $10. per CPU or large units, $1.50 per kit, 
$2. mintmum per order 
Provided sioch 15 available, we will ship immediately for payment by 
cashiers check or money order 
Allow 3 weeks lor personal checks 10 clear New York Stale residents 
add appropriate sales tax 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 


For the best prices available on: 


IMSA) * TOL = NORTHSTAR = POLYMORPHIC 
TARBELL  * SEALSELECTRONICS 


CALL: (315)637-6208 
WRITE: P.O. Box 71 * Fayetteville, N.Y. 13066 


Teach your DUMB TERMINAL 
to display lower case! 


ADM-3 Lower Case Kit 


by Northern Valley Systems 


Add Lower Case character display to your ADM-3 or 
ADM-3A CRT 

Installs in under 10 minutes with NO MODIFICATIONS 
to PC board. 

Custom programmed character generator ROM 
included. 

Save $70 off Lear Seigler Kit price - yet get the same 
results. 


Price: $27.50, 25% deposil required on all COD's. Non- 


COD orders sent Postpaid. 


Dealer Inquiries Inviled 


Y] Send to: Northern Valley Systems, 
3 Р.О. Box 687, Englewood, N.J. 07631 


Enclosed find $$. Žž ..for. 11 131. .— units, 
(N.J. Residents add Sales Tax.) 

MC/BAC # Expires 

Signature: Interbank # 

Name 

Street 


City State. ~ | | Zip 


Circle 280 on inquiry card. 148 


Matrox Electronic Systems, POB 56, 
Ahuntsic Sta, Montreal, Quebec 
CANADA H3L 3N5, has just announced 
the new member of its video RAM 
family of devices. This 15 the 
MTX-1632SL, shown here in front of a 
television driven by a mixed signal 
generated from another video source and 
the character generator, Since the hori- 
zontal and vertical synchronization can 
be slaved to the external source, such as 
the standard television video picture in 
this case, it is possible to combine the 
displays. The application of this $225 
module (lower prices in larger quantities) 
provides ample opportunities for the 
imaginalion,.w 


Circle 621 on inquiry card, 


Ruggedized Power Supplies 


Calex Manufacturing Company Inc, 
3305 Vincent Rd, Pleasant Hill CA 
94523, has come out with this sealed 
power supply black box which is 
designed for use with small dedicated 
microprocessor systems using the 8080. 
The supply transforms an AC input at 
110 V (or several other voltages] into 
+12 V at 225 mA, —5 V at 20 тА, and 
+5 V at L25 А. These voltages are 
sufficient lo run a typical 8080 system 
with 8080, 8024, 8228, two 2708s and 
several programmable memory parta 
with about 500 mA of TTL logic power 
left over on the +5 V lJincs,m 


Circle 622 on inquiry card, 


A Splice in Time Saves Nine? 


Master Digital Corporation, 1308-F 
Logan Ау, Costa Mesa CA 92626, has 
come out with this $60 tape splicing jig 
which can be had with various oplions 
for tapes from 5 to 8 channel widths. 
The company also makes pressure sensi- 
tive mylar tape patches in lengths from 
one to 12 inches, opaque or cicar.s 


Circle 623 on inquiry card. 


New kid 
on the 


block! 


But watch out 
he means 
business 


|! 
1 


PERSONAL 


COMPUTING EXPO 
COMES TO NEW YORK FOR BIG BUSINESS 


it's a brand new show in the world’s biggest economic center 
specifically for manufacturers and buyers who are into personal 
computing. For the first time, this booming field will have a New 
York Coliseum showcase in the major population center in the 
east. It is planned as the largest public show of its type in the world 
that will attract enthusiastic buyers from a multi-state area. 


WHY NEW YORK? 


New York is the economic nerve center of the world. It also is 
the world’s communications focal point, the one place that will put 
personal computing in a significant spotlight. New York is sur- 
rounded in depth by people who work in the computer field, by 
computer learning centers, universities, personal computing 
clubs, and thousands of others whose lives are affected by 
computers. 

From this vast potential, Personal Computing Expo will draw 
the hard-core hobbyist, the interested student, and, because of a 
highly-publicized program of introductory seminars, those who 
are attracted and fascinated by computing but have not had expo- 
sure to the ways and means of becoming personally involved. 


SHOW MANAGEMENT 


Personal Computing Expo is being produced by H.A. Bruno & 
Associates, Inc., a firm in the exposition and promotion fields 
since 1923. Highly skilled in the production and promotion of 
consumer and trade shows, the company currently promotes the 
American Energy Expo, the National Boat Show, Auto Expo/ 
New York. Promotion assistance also is currently rendered to the 
National Computer Conference and the Triennial IFIPS Congress 
in Toronto. 

The show producer has promoted successful shows in the New 
York Coliseurn every year since the building opened in 1957. 
Staff personnel are thoroughly familiar with the building, its 
services, management and labor. 


EXCITING SEMINARS FROM “BYTE” 
MAGAZINE 


Personal Computing Expo is endorsed by "Byte" magazine, 
whose staff is developing an exciting series of seminars and 
lectures for the exposition. 

Visitors to the show will be able to attend these meetings free of 
charge. They will hear from lecturers such as Louis E. Frenzel 
and Carl L. Holder. More importantly, visitors will be able to 
attend meetings aimed at their proficiency levels, from beginner 
through intermediate and advanced personal computing. 


FOR DETAILED INFORMATION CONTACT: 


RALPH IANUZZI, Show Manager 
H.A. BRUNO & ASSOCIATES, INC. 
78 E. 56th Street 

New York, N.Y. 10022 

(212) 753-4920 


ү „= Endorsed by BYTE Magazine 


OCTOBER 28, 29, 30, 1977 


PCE PERSONAL COMPUTING EXPO * NEW YORK COLISEUM 


Location Code 


000 
001 

002 
003 
004 
005 
006 
007 
Пон 
009 
010 
011 

012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 


Key 


SBR 
SIN 
sTO 


pM FW” 


+o ало 
+ 
o 


512-1 
< 


- ч 
> = 
zu 


Commentary Listing 1, 


Deal card to dealer 
Store as face down card, 
Deal card to player. 


Deal card to dealer. 


Jump around subroutine 


Begin “Deal Card" subroutine 


Generate random number in R99 


Convert random number to a card value. 


Store card value 


Is card = 11 [ACE] ? if so then go ta COS 


Is card in range 2 to 10? If so then go to TAN, 


Force card value of 10 if outside legimate range 


Blackjack Logic: 
Would hand go over 2, if ace counted as 117 


It so then ACE = 1 else ACE = 11 


150 


Desk lop Wonders 


SR-52 Card 
BLACKJACK 


Michael | Garvey, vice president and 
systems consultant with General Computer 
Services Corporation, 2308 Central Av, Mid- 
dielawn OH 45042, sends in a game program 
for the SR-52, which was accompanied hy 
this note: 


/ appreciate your article in your 
December issue on the "buried gold” in 


Operating Procedure For "SR-52 
Card BLACKJACK": 


1. Load the program card, both sides, after it has 

been prepared. 

2. Prime the random number generator with a 8 or 
40 digit number as its seed. A good choice 
of a priming number is the current time of 
day (24 hour clack], followed by the date. 
This gives 10 digits total in the format. 

Enter: hhmmyyrmmüdd 
Then press: 5Т0, 9, 9 

3. Enter the amaunt of your bet and start the 
game: 

Enter: het amount 
Then press: А 

4, Outcome: 

If the display flashes, then the game is over. The 
display shows the total af dealer and player 
hanes. 

Press: CE to stop flashing. 

Then press: RCL, 8, В to read out the 
cumulative score if desired. 

Go to Step 3 to restart дате, 

If the display is not flashing, the dealer's face 
down card is not shown. 

5. Player options: 

To take a “hit,” 

Press B 

Then до to step 4. 
To “stand,” 

Press С 

Then go to step 4, 

To "double down" (if player's hand is 10 or 11 
and not initial deal). 

Press D 
Then go to step 4. 


Notes on operation of the game: 


The player always wins at 21. 

House always draws to 15 or lower, stands on 
17 or higher, 

On a “push (bath hands equal) neither side 

wins unless player has 21. 


Advanced 8K EPROM 
Memory Module 
Doubles As Programmer 


Introducing 


* Holds 3K BASIC Flur System Movitor 
e 5-100 Bur Compatible 


* No Special Software Required Write to 
EPROM, Just Like RAM 


* $12 Bytes of On-board RAM for Stack or 
Scratcb Рай 


% Shipped With One 256-Ауге RAM and One 
312-Byte EPROM pre-programmed with a 
Syttem Mowitor 


COMPLETE KIT $164 


MOUNTAIN HARDWARE 
Box 1133B, Ben Lomond, CA 95005 


Circle 250 on inquiry card. 


Camp Retupmoc 
Rose-Hulman Institute of Technology 


Four one-week programs in com- 
puter programming will be offered 
this summer at Rose-Hulman Insti- 
tute of Technology, Terre Haute, In- 
diana, The program, known as Camp 
Retupmoc, is for boys about to enter 
their junior or senior years in high 
school; it consists of lectures on 
BASIC programming, films on com- 
puting, and talks by computer scien- 
tists in business and industry who are 


making novel applications of the 
computer. 


Dates for the Camps are June 
19-24, June 26-July, July 10-15, July 
17-22. The fee, including tuition, 
room and board, is $125. 


САМР RETUPMOC' 


For further information contact 
Dr. John Kinney, Rose-Hulman Insti- 
tute of Technology, 5500 Wabash 
Ave., Terre Haute, Indiana 47803. 


NOW HEAR THIS!! 
ALPHA DIGITAL SYSTEMS 


SELLS IMSAL KITS AND TOTAL IN 
FEGRATELD SYSTEMS ASSEMBLED 
CHECKED-OUT, AND WARRANTED AT КЇЇ 
PRICES 
TYPICAL SYSTEM 

* IMSAL RUHA Computer 

* 22 Slot Mother (очі 

* All Connectors 

* AJKHAM 


Е; Assemblid Syste "m Total 


АНА Р 
SPECIAL DOS SYSTEM DEAL cinctmes 

* TMSAL sul d'emputer 
* 22 Stol Mother НЧ with Conr 
+16 К RAM (4 IK Boards! 
* ya K Disk wrih Controller: 
* DECwriter typewriler 10 суњ 
* DUS-BASIC Software 

Assembird System Теа! $395 

‘Less BECyriteri $2195 


Selvet any kit ar system of kits from Ци» IMSA] 
pricy disk order irum us and reeene the 
assembled unit for the same price If ym dun t 
have a price bist drop us a fine and we will send 
you one. Terms: Cash with irder Prices in 
elude freight 4 NC Residents Add 4", Sales Tas і 


Пом can ALPHA DIGITAL SYSTEMS do ail 
Uns? [ts simple ALPHA DIGITAL WANTS TO 
HE YOUR COMPUTER COMPANY 


ALPHA DIGITAL SYSTEMS 
ADS RT. 4 BOX 171A 
BOONE, МС. 28607 
1704) 264-7946 
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LONG ISLAND: 


first: e "ааа 


= ES 
see, ЙҮ 

Tues. - Fri. Cun dp 

12109 


Sat. e 


2 
10 to5 әта $* 


We have 
IMSAI 8080 SOL 
Byt-8 Processor Tech 
SWTP MP68 Interfaces 
CROMEMCO Memory Expansion 
TDL Lear Siegler 
Poly-88 Floppies 

Cassetts Dec Writers 


KITS and ASSEMBLED 


BYTE SHOP EAST, INC. 

27-21 Hempstead Turnpike 
Levittown, Long Island N.Y 

(516) 731-8116 

Two Blocks East of Wantagh Pkwy 


Circle 227 on inquiry card, ' 


SUPPLIES 


* FLOPPY DISKS, MINI OR 
STANDARD MEMOREX OR 3M 


3M DATA CARTRIDGES 
DC300A, DC100A 


3M DIGITAL CASSETTES 


3M QR MEMOREX AUDIO 
CASSETTES, C-60 


3M DISK CARTRIDGES 
WE OFFER: 
* COMPETITIVE PRICING 


* IMMEDIATE DELIVERIES 
{Any Quantity) 


* UNCONDITIONAL GUARANTEE 


BETA BUSINESS SYSTEMS 
8369 VICKERS ST., #G 


SAN DIEGO, CA 92111 
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(COMPUTALKER) 
= |- жй 


AMPLIFIER & 


[321] 
эксн 


үнүнүн 


5-100 BUS 


LE 


CSh + 
SYNTHESIS-BY-RULE 
SOFTWARE 


t 
SPEAK "KAAMPYUTAOLKER" 


MODEL CT-1 SYNTHESIZER 395.00 
CSRi SOFTWARE SYSTEM 35.00 
DEMONSTRATION CASSETTE 2.95 


Labo RESIDENTS AUD ө ALES TAN 


WAITE FOR INE үйүү LITERATURE 
COMPUTALKER CONSULTANTS 
P.O. BOX 1951, DEPT. B, 

SANTA MONICA, CA 90406 


circle reader number 140 


Circle 140 on inquiry card. 


Listing |, continued: 


Lacation Code 


083 
084 
085 
086 
087 
088 
089 
090 
091 
092 
093 
094 
095 
096 
097 
098 
099 
100 
101 
102 
103 
104 
105 
106 
107 
108 
108 
110 
111 
112 
173 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
138 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 


a 
r 
ш 
г 

—— 


met eye 


Commentary 


Store adjusted card value. 


Add card to total hand of receiver. 


Game entry (start here) 


Clear bet in R19 


Go to 000 
“Double down" entry 


Multiply bet by 2 
Turn on “stand” flag 
"Hit" entry 

Deal card te player 


Skip around “stand” 
From step 012 


Turn on “stand” flag 


tf player's total = 21 then go to 2° 
else if player's tatal 221 then go to 1° 


If dealer's total = 21 then go to T' 
else if dealer's total 721 then go to 2' 


If "stand" switch on then go to 8 |to 
display] 


[в dealer's total 217? 


If so then go to 3° 


Draw another card for dealer 


152 


the Texas Instruments SR-52 Program- 
mable Calculator; it confirmed my suspi- 
cions that my SR-52 had more power 
than the instruction manual said. 

Enclosed is a program listing for a 
program that | have written that will 
allow you to play BLACKJACK with an 
SR-52. This program was the toughest 
that | have written for that machine, 
since the 224 program steps allowed just 
didn't seem enough for the game; several 
days were spent in working and 
reworking the code in order to gel the 
game to fit with the features | wanted. As 
you can see, it just fits, exactly, 

i have sent this program to vou in case 
any of your readers would be interested 
in it. My family and friends have had a 
great deg] of fun with it and it's 
especially great for killing time on along 
trip; one person can "stake" the "house," 
while another person is the plaver. The 
program automatically keeps score for 
the player, and even handles the 
"double-down" feature of the game. 

i submit it for the entertainment of 
anyone who wants to use it. 


Listing ! shows the program code, which we 
typeset using column headings from the 
original form, along with the register allo- 
calions. The procedures for using the SR-52 
Card BLACKJACK program are summarized 
in the box labelled "Operating Procedure.” 


Location Cade Kay Commentary 
164 41 GTO 

165 13 C | Gato C 

166 46 "LBL 

167 89 M 

168 43 RCL 

169 ос 0 

170 01 1 

2 13 RCL Is dealer's total = player's total? 
173 00 0 

174 02 2 

175 95 = 

179 $7 n | If so then ga to 7' 

178 22 5 | Is dealer's hand less than player's 
180 88 "2° If so go to 2° 

183 аб wnat | Otherwise, dealer wins 

183 01 1 

184 94 + 

185 49 "PROD So make bet amount negative. 
186 01 1 

187 09 9 

188 46 "LBL 

189 88 M 

190 43 Rew 

19 91 ] Add current bet ro player's total 
182 09 3 scora 

1903 44 SUM 

194 og 9 

195 08 8 


Listing 1, continued: 


Loca 


196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 


ALL 


User 


oa mp 
реи 


tion Code Key Commentary 
46 *LBL 
6? d 
43 RCL | 
00 0 Game over, so display end game 
03 3 
85 * 
85 + 
46 *LBL 
68 viz 
57 *fix 
02 2 
43 RCL 
00 0 
01 1 
75 — 
an SU Display dealer hand as integer, player as decimal, 
03 3 and await next round, 
85 + 
43 RCL 
00 0 
02 2 
55 о/о The 58-52, 
01 1 
00 0 
00 0 
95 = Register Utilization: 
81 HLT 
OCATIONS FOR SR-52 CARD BLACKJACK: 00 = pointer for subroutine parameter 
01 = dealer count 
accessible labels: Flag Usage: 02 = player count 
O3 = facedown 
Start game О = "stand" flag 05 = current card 
Hit 98 = winnings 
Stand 99 = random number output 
Double 19 = current bet a 


Spring into Season At last! No more wardrobe crises! BYTE T-shirts are here! Now you 


have the perfect garb for computer club meetings, Altair Conven- 


with a BYTE T-shirt tions, playing Shooting Stars and computer chess. {А pair of 


trousers from your own closet is suggested as an addition to the 
BYTE Tshirt. BITS can't do everything for you.) 


BYTE T-shirts are of top quality 100% cotton or cotton-polyester, 
The original design, by artist Judy Lee Rehling, is silk screened in 
red on white shirts with blue trim on collars and sleeves, or on blue 
heather shirts, 


The $5.50 price includes postage and handling. 


Send to: In unusual cases, processing may exceed 30 days. 


BITS, Inc. 
70 Main St. 
Peterborough NH 03458 
Please send me __ехтга large — blue heather 
——!агде — —white with blue trim and 


— — medium red letters 


— smali T-shirts @ $5,50 each (includes 


Titel enclosed & Pastage and handling) 


Bill MasterCharge No. ___ Exp. Date 
Bill BankAmericard No... Exp. Date 
Name. 
Ake = ЕЕЕ 
Су Бабе 11 Zip 


Signature. 
All orders must be prepaid 
Prices shown are subject to change without notice. 
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A Guide to Baudot Machines: 


Part 3, A Teleprinter Test Circuit 


Michael S McNatt 
4658 E 57 St 
Tulsa OK 74135 


PROCESSOR 


Now that you've found out what type of 
Baudot teleprinters are available on the 
surplus market, and where to go го gel 
information on how Lo interface them to 
your microprocessor, it might be convenient 
to build a test box to check the working 
condition of your new acquisition. What 
follows is a circuit for just such a test box 
which can be used to provide the 60 mA 
current loop required by the Baudot ma- 
chine. Circuits are also included in the box 
to generate signals which can verify correct 
machine function. Although not as handy as 
the test box, a Baudot keyboard may be 
used to tesi a page printer of the same speed. 
The test box has variable contral of data rate 
for testing all Baudot teleprinters. The test 
box circuits supply the following functions: 


1. Standard RY test signals, either con- 
tinuously or al two second intervals, 
for mechanical alignment purposes. 
These signals result in a maximum 
amount of slipping and sliding of 
adjacent gears and paris within the 
machine, conditions which are also 
most likely to cause malfunctions to 


TO CMOS 


GENERATOR 


BIT 
SWITCHES 


HIGH VOLTAGE 
CURRENT SWITCH 


CONTROL 


PP 


DATA CLOCK 


TELEPRINTER 
KEYBOARD 


RY GENERATOR 
AND CONTROL 


“tutes 
CONTINUOUS 
RY 


surface. The two second interval used 
with the RY test prevents a rather 
large waste of paper or tape during a 
long test, 

2. Individual Baudot characters at two 
second intervals. Five  bit-switcher 
select the particular character desired 
(see table 1 in part V of Lhis article for 
bit codes). One use of this function is 
to check various machines to see 
which keys are actually installed for 
selected bit combinations. For exam- 
ple, there are at least three different 
"figures" code assignments, Another 
use is in troubleshooting, for instance 
when the wrong character is appearing 
on the printer ar punch in response 10 
a processor output command. The test 
box can be quickly switched from 
"CPU" to local “char” mode to verify 
that the source of the problem is or is 
noi the machine itself. 


Also included in the test box Is circuitry 
to accept seria} TTL or CMOS level Baudol 
coded output from the processor or hard- 
ware code converter, The “MODE” switch 


Figure 1: Block diagram of 
а Baudot machine test box 
allowing the generation of 
continuous or intermittent 
'RY' test signals, or indi- 
vidual Batidot characters. 
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selects between processor input, RY test 
signals, and the individual character 
generator. 

The absolute minimum amount of hard- 
ware one can get by with when setting up a 
Baudot machine is a high voltage loop 
supply. Some machines, Model 28s and 
Kleinschmidts, for example, come equipped 
with this supply; unfortunately, my Model 
15 RO page printer didn't, It may be a good 
idea to borrow or build a test box anyway. 
When trying to determine the operating 
condition of a prospective Baudot machine, 
taking along a simple loop supply can enable 
at least a very minimal check of the printer 
mechanism. When purchasing my 15, the 
seller, a ham, used his own supply to 
demonstrate successful clutch action, then 
opened and closed the loop by rubbing the 
connections, causing random characters to 
be printed. Obviously, a better check would 
have been with a test box or a speed 
compatible Baudot keyboard. However, the 
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demonstration, in 
satisfactory because of the price, $30! 


this case, was totally 


Theory of Operation 


A complete schematic of the Baudot 
machine test box is shown in figure 2. Many 
of the parts used were selected solely be- 
cause they were immediately available from 
the proverbial junk box. (! think there are 
companies which would envy some of the 
so-called "junk boxes" I've seen belonging to 
hams and computer phreaks...) For in- 
stance, the transformer shown was the only 
one usable that came out of a thorough 
purging of not only my junk box but that of 
a fellow designer. Actually any transformer 
secondary from 110 V to 300 VAC may be 
used, as long as adequate series power 
resistors are included to result in a short 
circuit current of 65 to 70 mA. Telegraph 
loops, such as Western Union, usually work 
at 260 V. Use of the higher voltages, around 
200 VDC, although requiring more power to 
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Photo 1: A sample layout 
of the Baudot test box. 
Note the eight diodes 
plugged into the 16 pin IC 
socket at the lower right 
of the picture. These 
diodes are being used in 
replacement of {C7 in the 
circuit of figure 2. 


Photo courtesy of Don Clum 
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Figure 2: A Baudot machine test box and interface. This circuit generates 5 level Baudot code to be used in testing the working 
condition of a Baudot teleprinter. All resistances are measured In ohms, and unless otherwise marked are 1/4W and 710% ac- 
curacy. The circuit allows either continuous RY test strings or intermittent 2 second test strings. The RY test string causes the 
most movement of gears and will show any difficulties in operation quicker than other test string combinations. All unused 


inputs of any CMOS integrated circuit must be grounded, 


be wasted in the series resistors, results in a 
faster response in the printer selector 
magnets, which is especially important at 
the higher speeds such as 100 words per 
minute. Do not put the standard transient 
suppression diode across the coils because 
selector magnet release will be slowed down. 

Since CMOS logic elements are used, the 
low voltage secondary winding can be of any 
voltage which will result in from 5 io 
12 МОС for the +V supply. The series 
resistor capacitor network across high volt- 
age transistor Q1 is used ta suppress the 
voltage transient occurring in the magnet 
coils when QI is turned off. A low logic 
state at iC4, pin 10, results in a mark or 
clutch state, since this will switch Q2 and 
thus Q1] on, causing loop current 10 flow, 
Resistor КІ tied to +Y insures thal the 
machine will remain in the mark state 
while changing the MODE switch. 

The data clock and Lhe 2 second interval 
clock, [C3 and IC4, are standard CMOS 
oscillators. In substituting CMOS, гу to 
avoid 4049 inverters in these oscillators. The 
character generator is formed by & bit shift 
register 1С5, which is parallel loaded with 
the 5 Baudot data bits, a start bit, pin 15, 
and a stop bit, pin 7, The remaining bit, pin 
1, is tied high. Characters are generaled 
every 2 seconds when the load control, pin 
9, is pulled high for one half period of the 
data clock. Flip flop ICG synchronizes the 
load pulses from ihe slow interval clock with 
the much faster data clock. Note that serial 
input IC5, pin 11, is tied high, This provides 
marking |s to be introduced into the shift 
register after the parallel loaded Baudat bits 
have been shifled out. 

The RY generator is essentially a CMOS 
version of an RTL circuit published in Ham 
Radio magazine, March 1971, pages 23 to 
29. Briefly, ІСТІ and IC2 form a four hit, 
labeled A through D on schematic, binary 
counter which skips two stales when 
counting from Q to 15. The RY pattern thus 
generated is shown in the timing diagram 
of figure 2. Referring to the schematic, 
counter state 1, DCBA = 0001, causes flip 
flop A to be resel, thus clocking flip Пор B. 
This occurs when IC!, pin 2, goes high, 
causing the reset pulse at IC3, pin 4. Counter 
state 14, DCBA = 1110, causes Пір flop A to 


be set, wilh no clocking of flip flop B. This 
occurs when IC1, pin 1, gaes high, causing 
the set pulse at ІСЗ, pin 10. 

The RY cantrol is a three position SPDT 
minttogele switch with Ihe center position 
off. A neat feature of this circuit is that no 
matter when the RY control ts switched 
from ane positian to another, complete R Ys 
are always generated, 


Miscellaneous Notes 


Ф | used six TN914 diodes and two 
resistors in place of IC7, hence the 16 
pin socket was used as a diode holder, 
(see photo 1). The 4075s are more 
convenient, but the diodes were in the 
junk box at the time. If diodes are 
used, connect three of the anodes in 
place of IC7, pins |, 2, 8, and the 
cathodes in place of IC7, pin 9, and tie 
a [M resistor Lo ground at this point. 
Ditto to replace the second gale, 

® To avoid the self-smoke or reach for 
the sky mode, all unused CMOS inputs 
must be grounded or tied to +V, 

Ф Obviously the test box can be as 
simple or complex as one desires. The 
minimum configuration would proba- 
bly be two Eveready No. 416 67,5 V 
batteries and a resistor in series, using 
the “sparking” method to generale 
random characters! 

* Seriously, the RY generator is manda- 
tory, wilh the character generator and 
2 second timer as options. Of course a 
more sophisticated Baudot test bax 
would have an 8080A, а 1702A, an 
5251, and maybe some hexadecimal 
character readouts... 


Summary 


An old surplus Baudot code teleprinter is 
the most inexpensive hardcopy peripheral 
available to ihe computer hobbyist today. 
This series of articles has presented ap- 
proaches lo acquiring, using and testing 
these units, as well as sources of reference 
material and interfacing hardware and soft- 
ware. It is hoped that the information 
provided will greatly ease the acquisition and 
interfacing tasks facing the hobbyist who 
owns or is planning to own one of these 
practically indestructible machines.# 
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GNAT 3M Drive 


This new GNAT MC-200 dala storage 
system will make an interesting option 
for many users. This is an RS-232 
interfaced serial device which plugs into 
a standard. DB-25 connector often used 


=— Ji 


with RS-232. It gives the user a seriat 
storage capability on 3M  DCD-100 
cartridges. Optional parallel 10 is also 
available. 

The unit has sufficient intelligence 
built in lo recognize various command 
sequences including start write, start 
read, slop write, stop read, rewind, etc. 
All these sequences are duplicated by 
hard ware switches on the front panel for 
manual control as well, The data rate for 
the device, which looks logically like any 
RS-232 serial terminal, can be set by a 
switch at rates from 75 to 9600 bps. 
Options available include parallel inter- 


ANTT 
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ASSEMBLEO 
AND TESTER 


The Ultimate in Terminal Printers 


The ultimate ín 
mechanisms is thal 


terminal 
provided by the 
Diablo HyType I! printers and similar 
high-speed, high quality impact mech- 


printing 


face, file search capabillty, dual drives, 
etc. The price of this system is $1930, 
and iis mix of features should prove 
quite useful for those who want a file 
Slorage system with the minimum of 
interface complexity. 

GNAT is located at 7895 Convoy Ct, 
Unit 6, San Diego CA 92111, and 
delivery is quoted as from stock to 60 
days АКО. в 
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An Interesting Test Fixture 


AP Products, POB 110, 72 Carwin 
Dr, Painesville OH 44077, has intro- 
duced this interesting new fixture 
for use in testing integrated circuit 
assemblies. Called the “Logical Con- 
nection,” this is a preassembled ribbon 


MVM 1024 Microprocessor Video 


MODULE 


Sixteen 64-character lines, upper/lower case 128 character font. 
Software-controllable reverse video characters. 

Full read and write capability for both cursor position and character code. 
Interfaces to any microprocessor: 8080, 6800, 6502, etc 


Scrolling, line] character insert/delete, etc. easily done with software. 


THE SOPHISTICATED VIDEO MODULE 
FOR THE ADVANCED EXPERIMENTER 


Riverside 


ELECTRONIC DESIGN INC. 
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Write or call for complete literature. 


anisms. These mechanisms give print 
quality (with carbon ribbons) good 
enough lo photocopy and reproduce, yet 
at character printing rates of up to 45 
characters per second. Applied Com- 
puter Systems, 248 Sobrante Way, Sun- 
nyvale CA 94086, has taken the Diablo 
mechanism and placed it into this 
atiraclive package along with a micro- 
processor and numerous options. The 
result is a hard сору oriented micro- 
computer with prices starting al $4500 
and options inciuding floppy disks, 
memory to 64K, plotting, sort and 
merge capability, down loading of pro- 
grams over communications lines to large 
systems, and user programmability of 
the bulli-in microprocessor. Cammuni- 
calion speeds of 600, 1200, 2400 and 
4800 bps are supported, and the stan- 
dard memory size is 4 К bytes. Key- 
boards customized for APL, ASCII and 
IBM 2741 compatibility are avaitable.uw 


Circle 812 an inquiry card. 


cable attached to an tC test clip аг one 
end, and a flat cable socket connector at 
the other. The length of the ribbon cable 
tan be chosen by the purchaser; Lhe 
example here is of course rather short to 
illustrate the idea.e 
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1700 NIAGARA STREET 
BUFFALO. N.Y. 14207 
716 875-7070 


THE 
COMPUTER CORNER 


Lower Hudson Vailey 
Southern Connecticut 


* iMSAI 8080 
*POLY-88 

* Teletype supplies 

* Full line of magazines 


* Processor Tech 

* Computer Book Service 
* Magnetic tapes & disks 

* Brain Games & Puzzles 


THE COMPUTER CORNER 
White Plains Mall 
200 Hamilton Avenue 
White Plains, N. Y. 10601 
Tel: (914) 949-DATA 


Hours: 
10-6 Daily & Saturday 
10—9 Thursday 
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COMPUTER MART 
OF 
NEW HAMPSHIRE 


DEALERS FOR 
TDL ICOM IMSAI 


DIGITAL GROUP 


SOFTWARE INCLUDES: 


8K BASIC EXT. BASIC 

TEXT EDITOR DISK BASIC 
WORD PROCESSOR 
MACRO-ASSEMBLER 


170 MAIN STREET NASHUA 
(603) 883-2386 
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SURPLUS 
"eem 


MPRES! 


your computer. 
T 


CONTROL DATA B 


BARGAIN 


Monitor up to 256 
points under software 
control. 


+ 5V @ ТА - 12V (p 2A 
*12V (0 25A +180 V @ 150 ma 
*30V @ 200ma (unregulated) 

-6.2V @ 25ma (no adj. pot} 


Each MPRES card 
monitors eights points 


and plugs into the 
XPRES bus. 


Brand new, made by CDC lor 
microprocessor lerminais, 110VAC 
in, regulated and adjustable DC 
outputs. Overvollage protected +5. 
-12. Power status signal Fan 
Schematic. Original list $600* 
From stock. UPS paid, custom loam 
box, guaranteed 


Call us. We're the 
interface people. 


$50.00 
CRC ENGINEERING, INC. 
P.O. BOX 6263 
BELLEVUE, WA 98007 
(206) 885-7038 


ELECTRAVALUE INDUSTHIAL 
BOX 464 
Cedar Knolls, NJ 07927 
(201) 257-1117 
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the microcomputer WEE SIE HNN 
Ht Ic pu ENJOY COMPUTERS 


We're a small custom software house 
doing state-of-the-art things with 
an introduction to large online scientific data bases, Not 
with packages — our systems аге too 
sophisticated for that. You would 
е " * develop systems for real-worid use, їп 
now in canada * intellectually challenging applica- 
tions. Mostly Fortran for 18M/370, 
DEC-10, Univac 1100-series. We offer 
the usual benefits (a bit better than 
processor most), comfortable offices, and 
cromemco company-paid coffee. Send your 
td] resume (in confidence}, salary re- 
quirements, to 


reality 


imsai 


and more 


The Computer Place 


186 Queen St. W ad M Р 

Toronto MSV 121 e ғ. R. Gary Marquar 

Picos dde Focus Scientific Fein-Marquart Associates, Inc. 
160 Elgin St. 7215 York Road 
Ottawa K2P 2C4 Baltimore, Maryland 21212 
613-236-7767 
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An Interesting New Product 
for People Wanting Complete Systems 


Frank Laczko, president of TLF, 
POB 2298, Littleton CO 80161, called 
us early in February to announce his 
new brainchild, the Data 12 computer, 
shown here, This machine is an example 
of a completely integrated system 
oriented to a terminal user. 115 architec- 
ture is that of the Digital Equipment 


A New Variation on Solderless 
Prototyping Boards 


Continental Specialties, 44 Kendall 
St, POB 1942, New Haven CT 06509, 
has announced an interesting new varla- 
tion on the solderless breadboard con- 
cept: modular units with a set of inter- 
locking edges so thal they can be built 
up into multiboard arrays that are rigidly 
held together.a 
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INTERNATIONAL DATA SYSTEMS, INC. 


$100 Bus; Cards (ALTAIR/IMSAI Compatible) 


88-SPM Clock Module 


88-UFC Frequency Counter Module 


B8-MODEM Originate/ Answer MODEM 


GENERAL PURPOSE PERIPHERALS 


MCTK Morse Cade Trainer/Keyer 


TSM Temperature Sensing Module 


DACE Eight Bit Digital to Analog Converter 


Corporation's PDP-8E, using ihe Intersil 
1М6100 microprocessor. 

The $1695 price tag of this processor 
with its built-in tape drive gets a PDP-8 
like compuler with 4096 12 bit words of 
user memory, serial termina! interface, 
tape controller with one drive built in, 
and a tape operating system that 
includes both an unattended batch mode 
of operation and real time task 
scheduling capability. The random access 
tape cassette drive uses a preformatted 
digital cassette thal has an average access 
time quoted by the TLF press release as 
less than 25 seconds, with bidirectional 
search speeds of 100 inches per second. 
The tape holds a maximum of 262,144 
words in 128 word blocks, The software 
supplied with the system is completely 


A Portable Display Terminal 


The Micon KDM/I is manufactured 
by Micon Industries, 252 Oak St, 
Oakland CA 94607. The terminal is a 
self-contained keyboard with 32 
character alphanumeric LED display, 
available for $400 mail order, The prod- 
uct is available in eight different colors. 
іх is also available in many fine com- 
puter stores, Options include acoustic 
coupler, digital cassette lape storage and 
additional memory capacity ta [920 
characters.e 
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oriented to an interaclive keyboard, and 
it includes an "invisible" system execu- 
tive that handles all 10 scheduling, 
buffering and'vectoring. The operating 
system, modeled after DEC's 05-8, is 
written with an eye towards device 
independence in the same fashion as 
larger computers, The system software 
manages named files for mass storage 
control, and also includes the usual text 
editor for program preparation, a 
symbolic assembler, dissassembler and 
loaders, The system is marketed with a 
BASIC compiler which includes multi- 
segment program linkage conventions, 
large multidimensional arrays, string 
handling, and multiline user defined 
functions. User memory сап бе 
expanded to 32 К words, and additional 
peripherals are also available.a 


Circle 611 on inquiry card. 


BYTE’s Bugs 


Oops... Some Phi-Deck Updates 
to Freeman's Article 


| have read an article published 
in the March 1977 issue of BYTE. 
The article, "Cassette Transports for 
the ‘Roll Your Own' Hobbyist," had 
some errors in it concerning the Phi- 
Deck cassette transports, These errors 
are apparently due to the normal time 
lags involved between the occurrence 
of a development and the time con- 
sumed to communicate the event, 

Areas | would like to bring lo your 
attention are: 


Salenoid Operation 

Phi-Deck uses a 4 motor design for 
all control functions, No solenoids are 
used, thus eliminating the power con- 


400 North Washington Street, Suite 200 
Falls Church, Virginia 22046 USA 


Telephone (703) 536-7373 


USES 


KIT PRICE 


Your computer keeps lime ol day regardless of what program II 15 $96 00 
execuling. Applicalions include event logging, data entry, ham 


tadio, etc 


Measure trequencies up jo 600 MHz Compuler can monitor 


$149 00 


multiple frequencies such as transmil and receive frequency 


Use your computer Io call ofher compuler systems such as large 


$199 00 


timeshering systems Also allows other compuler lermmais lo 


'dial-up" your computer 


Hardware/Soltware package which allows your compuler fo leach $29.00 
Morse Code, key your Iransmitter, and send prestored messages 


Use й to measure inside and/or oulside temperalure tor compul- $24 00 


епгеа climale control systems, еіс 


Requires one eighl bil outpul port Use и (o produce compuler $19.00 


music 


Terms: Payment with order. Shipment prepaid. Delivery is stock to 30 days. Write or cali for detailed product brochures. 
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160 


Floating Point 


Software 
for the 8080 


PACKAGE INCLUDES MANUAL OBJECT CODE ON PAPER 


TAPE, AND COMPLETE A WED SOURCE LISTING. 


» multiply, and divide 
a floating point accumulator 


thm and exponential 


yberbollc sine and casino 
Logurcl tim tase ten 


OTHER FEATURES 
ират |н with any 8080 microcc 
Requires lass than 2K bytes 
aso multiply 2.5 msec, 
oc тз! digits 
e available sopuratel y? 


BURT HASH | ZUME 
P.O. шок 447 
MAYHARD, MASS. 01254 
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COMPUTER CLUBS 
PROFESS IONALS- AMATEURS 


BUSINESSHMEd-HOBBYISTS 


ORGANIZE (5-20 PEOPLE) AND BUY A 
FULL TELEPROCESSING SYSTEM (7-80 
MICROCOMPUTER, CUSTOM BOARDS, 
DUAL FLOPPY). THEN BUY SINGLY RE- 
MOTE OR IN-HOUSE VIDEO TERMINALS 
(WE SELL THESE Т00!). ADD MYT's 
BOSSYSTEM/1 SOFTWARE AND YOU 
HAVE A "DEDICATED" COMPUTER FOR 
5-20 USERS. 


USING OUR MULTI-USER BASIC INTER- 
PRETER YOU ARE NOW READY FOR EASY 
REMOTE PROGRAMMING, PROCESSING, 
GAMES, ETC. FOR A COMPLETE SYSTEM 
(TESTED AND BURNED-IN WITH SOFT- 
MARE, TERMINALS AND PERIPHERALS) 
THE PRICE FOR 10 PEOPLE 1S LESS 
THAH $1900 PER PERSON. 


WRITE NOW FOR FURTHER DETAILS ON 
THIS NEW AND EXCITING DIMENSTON 
IN PERSONAL COMPUTING. 


MVT MICROCOMPUTER SYSTEMS, INC. 
P.O. BOX 62 
AGOURA, CALIFORNIA 91301 
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ORANGE COUNTY 


Hardware and Software 
SERVICE and SALES 


Fountain Valley Plaza 
Ye Block South 
of 
San Diego Freeway 


18120 Brookhurst St. 
Fountain Valley 
Calif, 92708 
714-963-5551 
* Hours * 
Monday-Friday 1-9 
Sat 10-6 Sunie-5 
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Pictured above is the new OP-80A 
High Speed Paper Tape Reader from 
OAE This unit has no moving parts, 
will read punched tape as fast as you 
can pull it through (0-5,000 с.р.5.), 
and costs only $74.50 KIT, $95.00 
ASSEMBLED & TESTED. lt in- 
cludes a precision optical sensor ar- 
ray, high speed data buffers, and ail 
required handshake logic to interface 
with any uP parallel! 1/O port 


To order. send check or money order 
(include $2.50 shipping/handling) to 
Oliver Audio Engineering, 7330 
Laurel Canyon Blvd. No Holly- 
wood. CA 91605, or call our 24 hr 
M/C-B/A order line: (213) 874-6463 
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THE BETTER 
BUG TRAP 


The Better Bug Trap is an 
Altair/IMSAI ^ plug-compatible 
board that extends system capa- 
bilities to facilitate software 
debugging and real-time proces- 
sing. Capabilities include interval 
timer, real-time clock, watchdog 
timer, processor slowdown, and 
clock with variable rates. Four 
hardware breakpoint addresses 
allow you to stop processing or 
generate an interrupt at a break- 
point without modifying exist- 
ing software, The board services 
its interrupt with a CALL 
instruction to ANY memory 
address you choose. All capabili- 
ties may be set by software or 
front panei. Write for free 
literature. 

$180 assembled, tested, com- 
plete documentation, software, 


MICRONICS, INC. 


PO Box 3514, Greenville, N.C. 27834 
919 - 758 - 7757 
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SIX PORT 1/0 CONTROLLER 


* Program Control of Ports 
S100 Buss Compatible 
Parallel 1/0 
Single Printed Circuit Board 


VIDEO SYSTEM 
30 x 64 Display — 1920 Char. 
120 Character Buffer 
1 usec Read/Write Time 
Extensive Software Provided 
Display Attribute Controls Are 
All Programmable 


Available in Kits or Assembied 
BankAmericard and Master Charge 
Accepted 


Dealer or Club Discounts Available 


IOR 
Box 28823 Dallas, Texas 75228 
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sumption associated with maintaining 
a solenoid in the active state. 


Die Cast Chassis 
All Phi-Deck models now utilize 
a precise die cast chassis. Triple | no 


® longer uses the sheet metal frames. 
COMPUTER MART AC Phi-Deck Models 
Triple | is announcing twa new 
A NEW YEAR, A NEW LOGO, A NEW STORE ! ! Phi-Deck transports which will give 
us а total of five models. Both of the 
Last year we opened the first computer store on the new models will use an AC capstan 
East Coast. This year we move out of the Hobby motor. 
Store and into our new Real Systems Showroom and M 
Store. The largest display of up-and-running com- New Pricing 


Phi-Deck Models 1 and 2 are now 
built with the die cast chassis. This and 
: other factors have increased the price of 
Plain and Fancy Software too! these models to $124 in quantities of 
1 to 9. The price is higher, but you can 
now get a precise die cast chassis for 
under the $169 mentioned. 

If you could update your audlence 
about the above corrections To the 
article, it would be greatly appreciated. 


puter equipment, The same friendly help and advice. 
Plus-all the bits and pieces you can't find elsewhere! 


Jack Morrow 
Applications Engineering Technician 


Triple I 
and Master Charge accepted TE Ж... Е me 

Stan Veit -Storekeeper. 
COMPUTER MART OF NEW YORK INC. My fault. In editing, ! should have 
118 MADISON AVE. (ENTER ON 30th ST.) correlated luter Phi-Deck literature with 
212—686-7923. the article, which was written in the 


Summer of 1975... СН a 


PAPERBYTES Design and Implementation of a 
Tiny Assembler 6800 — Microprocessor Self Assembler 


Originally described in the April and May 1977 BYTE, PAPERBYTES is now offering 
Jack Emmerichs' Tiny Assembler 6800. This book contains the complete Tiny Assem- 
bler source listing plus object code in cross assembly format (space restrictions prevented 
Printing of this material in BYTE). A bar code version of Tiny Assembler is included for 
convenience, as well as reprints of Jack's two articles and additional user manual mate- 
rials. Tiny Assembler will run on any machine with MIKBUG and 4K of memory starting 
at address 0000, and is an excellent tool for the interactive development of functional 
blocks for a large structured program, Add it to your 6800 system and you'll have a 
valuable programming aid which can free you from the drudgery of machine language. 
The best part is the price: only $7, Order yours today! 


PAPERSYTES 
Tiny Assembler 6800 


State 


| 

| 

| 

| | 

| | 

; | | 

"er np etie Self Assemhler | PAPERBYTES Price of Book $ | 

ears | Tiny Assembler 6800 on lanes? | 

| Total $ | 

Send today to: | 9 Check enclosed | 

BYTE Interface Technical Services, Inc. | [ ] UBgilMC* O Z O —  —  Exp.Date | 

70 Main St | = osnea# Exp. Date | 

Peterborough NH 03458 | же Mun | 

Besler Tntyifjes Iren | In unusual cases, processing may exceed 30 days, No. 700 | 
All orders must be prepaid. | You may photocopy this page if you wish to leave your BYTE intact, 
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CANADIANS! 


Eliminate the Customs Hassles. 
Save Money and get Canadian 
Warranties on IMSA! and S-100 
compatible products. 

IMSAI 8080 KIT $ 838.00 

ASS, $1163.00 

(Can. Duty & Fed. Tax Included). 
AUTHORIZED DEALER 
Send $1.00 for complete IMSAI 
Catalog. 
We will develop complete applica- 
tion systems 
Contact us for further information 


fn. 
Rotundra á МА 
Cybernetics Ж 


Box 1448, Calgary, Alta. T2P 2H9 
Phone (403) 283-8076 
TWX 610-821-1883 
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South Florida 


Across fram the University of Miami 
University Shopping Center 

1238A South Dixie Highway 

Coral Gables, FL 33146 

{305} 661-6042 


Sunny Computer Stores Ine 


South Florida's First Computer Store 


We Carry: 

» |MSAI, COMPUCOLOR, VECTOR, 
SOUTHWEST, C.S.C., CROMEMCO 
VECTOR GRAPHIC, SEALS 

® Books, Magazines, Newspapers 

* Sockets, IC's, Printers 

* Digital Cassette Equipment 

* Debugging Equipment 


We offer Classes, Friendly Advice and 
Service 
Hours. Monday — 12 Noon to Э PA. 
Tuesday through Saturday — 
10 A.M. to 6 P. M. 
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WIREWRAP 


Cut & Stripy 730 Wire Gold Wre Wip бат аск 


in Aen, Yaliow, Blue де Orange Hih Quality Closed Entry Typo 


Hund Wear GnMiap 
A Sing Туш 
$5.95 with $2 byn vere 


We also Stoch 
534.85 * Wuu Wap iare 
includes $5.00 tree » 7400 & 240500 18% 
wire & sockets a Processar Support Chiat 
Call of Sete Sor catalog 
1213) 797 3002 ur 79? 4007 


(С Batterien hot inci | 


Orders under 210 o COD ade 
$4.00, other orders dipped UPS nod 
Bank Arvetreurd stigi Алм Churqe 


Page Digital Etectrontes 


1701 East Orange Grove Blvd 
Pasadena, California 91104 
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The Best of BYTE, Volume 1 


The volume we have all been waiting for! The answer to those unavailable early issues of 
BYTE. Best of BYTE, edited by Car! Helmers Jr and David Ahl. This 384 page book is 
packed with a majority of material from the first 12 issues. Included are 146 pages 
devoted to “Hardware” and how-to articles ranging from TV displays to joysticks to 
cassette interfaces, along with a section devoted to kit building which describes seven 
major kits. “Software and Applications” is the other side of the coin: on-line debuggers 
to games to a complete small business accounting system is included in this 125 page 
section. A section on “Theory” examines the how and why behind the circuits and 
programs. “Opinion” closes the book with a look ahead, as to where this new hobby is 
heading. It is now available through BITS Inc for only $11.95 and 35 cents postage. 


Send now to: 


BYTE Interface Technical Services, Inc. 
70 Main St 
Peterborough NH 03458 


You may photocopy this page if you wish to leave your BYTE intact. 
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State Zip 


The Best of BYTE, Volume 1 


D Check enclosed 


[тг О Bill MC # 


Price of Book $ 


Postage, 35 cents $ 


Total $ 


Exp. Date 


"WEM Bill BA # 
amm 


Exp. Date 


Advanced Microcomputer Products Presents 


j= £ г bwak Ма» LPS y 
| — e — Prototype Design Equipment $4 


WIREWRAP SOCKETS- GOLD 


14 Pin WW. 1 el зо 
за Pin WW 2 devel 33 
та Pin WAY 3 devel 37 
16 Pin VAY. 1 level ku 
16 Pin WW 2 level 34 
16 Fin WW 3 levat 36 
18 Pos WW 3 tevel 50 
TA Pio WW 1 level 70 
24 Pin WW 2 tevel 75 
ФА Ри WW 3 tevel B5 
AQ Pus WW 3 jewel 125 


"ni 
quii 


i 
ЫП 
E 


HE 


ЕССЕ CARD CONNECTORS 


IMSA15100 WW 250" Aww Spacimy = - 
1М5А1 $100 ST .250' Hm Spacy = 
Altair $300 WW Wire Wrage 

Almir 5100 ST Soldenal 


кез» — | 


Miri misocevat ProtDIyaeg 
NEW SOCKETS & DUS STRIPS 


E tierna DOD 5095 
E маету бы ты EA 


Eapriranioe RO $3.95 


на CAN AIPA + An P ul 
3 лт fat чагар! oat (eil 


кубу MELD Tel ті аат CATAL OGAE WATE Амр WE 


D-SUBMIN CONNECTORS 


AS 23225 Pan Mate Pari Мо ОВ2БР 5150 


AS 23225 Pin Pamate Part No. OUZbS 195 
K RAM BOARD 5198.00 y | = 
8 е 
ADV * MICROPROCESSOR PRODUCTS 
mis us a or CRYSTALS Монтан Пеење 
РЕ an. 1 


ипо YOUR омм f 2 i25 1000MH: — HC&/MC3) 395 13000, өр 495 

COMPLETE Mire о ' (a t : 2000 Ня —— MCÓMMCIJ 596 1.21816 Ан: MCIB 495 

З: 6 2 209w2MM) HCG 695  18000MH; — Ci) їч 

£. COMPUTER SYSTEM Ёш; їббомне омс 29% 20000MH: HOR 455 
AK am) Evi 99 uoo BASED : а aus ta t s000MH) — ACT 48$ 32000MH: мсн 495 
MICROCOMPUTER "n T" 6 000 мн, HOW 495 тоок нсіз :2596 

v meon Bi " А ора мна — MCIN 495 152945 Ke MCiB 495 

^ - P ^ 2145758 Mh 5a 


( МЕ 5 SPERIA 
expanded EVK 99 У KITS ONLY оү" 


3 $29.95 ишү MOF Pit ѓон wine 
NOW $133.00 AND YOUR 26 1 


TV KIT NO Y ONLY Tg ите 
— 534.95 омота ~ 


йил оо RF MODULATOR MODULE 
TM ONLY Tuae m Gat Т T 


$49.95 мү ай vue des * , ыа 


LEE 
“мш 1 140 
М rah 


?, UNIVERSAL KLUGE BOARD 


— Мане 

16k BYTE RAM BOARD 877.9 оч рем татем Ө 

"к E = тл na PUT DN) 12 De Ы ы 

v | ирон” ê 

E SLOT MOTHER BOARD 829,95 » к © стег YANO. Alert лун ® 
- I L we - 1a * Lus Е 

тисе» : 

EL sd 

LI Da a 


EXTENDER BOARD $45.50 


[i 
эз oa 


* ICMARKET PLACE + ME S 


PMS ANGO NL 


* LINEAR мкайов ак. AAM 


10028 VART 


2708 PRIME oNLY $49.95 
Build Your Own MON ITOR 


Now in Stock — NEW 
M3000 - 100 12-inch display module $229.00 
M2000 - 155 Sinch display module 5206.00 
* Add 810.00 Shipping 


MOTOROLA рос, мекеваоот 


and MEK 680002 Compatilte Modules 


9601 16 Stot mother board - inc, Conn, $175.00 
9602 16 Stot card cage 19" rack mount 5 7200 
9610 Utility Prototyping Board 5 36.00 
9615 4K Eprom Module 11702A) $350.00 
9620 Paratlei 1/0 Module 5375.00 
9626 BK Static Ram Module $350.00 
3650 B Channel Duplex Aasyn 1/0 5390.00 


All assernipled and tested. Nor Kits 


oym 1 256 
[БЕП 
5300 1 


[171 
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ГҮЛ 
[1 


TO Im 
sa gua "n E LINACH 
imine Fh I ' жү 
міны чш 19 көт 


рада * MISCELLANY 
mr 

havon 
m 
yarn 
ШЕ 


MEI 


" 
Param 


$i Moz 
938.00 COMPLETE 
ТЕПТЕР 


` , BOBDA 
мны ым — . ^ STARTER SET 


"атори чө 
DIVIDERS i rm 


(м Tum ne. 
LIII " 14. sett AR 

LU d 

DIM 

PI 

50 a y All Мни i TER 


100 PIECES MIX TAKE 10% DISCOUNT у san Е мән um збит 510.00 
1006 PIECES MIX TAKE 15% DISCOUNT i » d n s ES qw ‘ ГҮ 


* ТС SOCKETS 


Wanane RESISTONS 


Ji CDORCOM EM) FILTER ROTARY SWITCH 


. mu ca > 


P. O. BOX 17329 
IRVINE, CALIFORNIA 92713 ow 


PHONE (714) 968-3655 


"» | Sew 


"T. Laer 


Circle 75 on inquiry card. 


Circle 168 on inquiry card. 


TTL SPECIALS RF DEVICES 


74H10 Dual 4 Input Buffer ........................... . 243375 34 400 MHz ............... $5.50 


7480 Decade Counter............ beter teen tec eeseeeens 49 | 2N3866 TW A00 MHz ............,... 1.15 
748175 Quad Flip-Flop with clear ...,..‚.................. 245589 3W 175 МҢ>................ 4.75 
74283 4 Bit Binary Adder a... Нонни Барори 75 МНЕ ae 
2%" round speaker, 8 Оют%.......................-...... 1.00 28031), pte eerte ette 395 
2%" round speaker, 100 ПВт....,....................... 1.10 медо темн 848 
Speco miniature replacement speakers from 1" to 34", SASE for list. 2N6081 15W I75MHz............. ..8.45 
Brand Mew GE Stereo Tape Amplifier Board with all companents 4 2N8082 25W 175 MHz .............. 10.95 
Watts 12 Vac supply limited ...,......................... 3.50 2N808330W 175 MHz .............. 12.30 
Mono Amplifier Board 1 control .......................... 2.25 NEUR OW US MHZ cesses 18-30 
8 foot black or brown zip cord and plug ...................... 38 25c1307....... cee 826 
MM SI Gl ос сассососаорраосоороооооооооровооововес 4.50 2N2876........ 209900000006 special 10.85 
4" round speaker, 8 {һт$............................ „15 
УНЕ Ferrite Beads ................................ 15 for 100 ZENERS 
Hain & CB Slide Mounts with lock & coax connectors .....,.... 8.95 1N748 ta (N788 .. 400 Mw ... ea. .25 
2 Amp Bridge Rectifier, 200 Volt ........................... 50 Insist te тиба adi n 2 
2 Amp Bridge Rectifier, 600 Volt ................ ...... 128. 12970 to 183005... 1Qwatt ,........240 
З Amp Bridge Rectifier, 208 Май ....................... ....89 18330510 183340 .. 50watl ......... 4.75 
Goauld АА 500 mA Nicads -....................... . 1.69 
2 Amp 1000 valt rectifier... a.a ..00 0... eee 210 for 1.00 рог Pacer Cap. 192Р10292 200 АМОС ..18 
LM 723 14 pin Voltage Reg ................................ 49 12BkHzCrystalin TOS Сап ....... 4.95 


2N918 ............. 

2N2218 ............ 

2N2219A ........... 

2N2222A ........... Kits, Books, Boards, Magazines. Special 210201 8 for 
242369 тт $17.50; 8080A CPU Chip $29.95, We stock OK Battery 
2N28B4 ............ Operated Wire Tool $34.95, OK Hand Wire Wrapped 
249905 I Tool $5.95. 7400 ICs CMOS, Timers PLL's IC Sockets. 
2N2826G .......... All kinds of transistors, rectifiers and diodes. Plus other 
2N2926Y .......... 24 electronic parts. 

2М3053 ..........., 

243390 eene | HOURS: MONDAY TO SATURDAY, 8:30—5:00 
QN3440 ..... sessi] OPEN WEDNESDAY UNTIL 9 PM (516) 378-4555. 
2N3512 .... ..... | 

2N3553 .......... i We quote on any device at any quantity. Add for 
242565 tutte n t nn shipping. Minimum order $6.00. Out of USA send 
2N383BA о... certified check or money order, include shipping costs. 
2N3648 ............ 

S SA | | І : : : | | | БО Font 5pool Z30 wire wrap 

2N3771 ....... | White, blue, red nr yollo 


STOPWATCH KIT Operates an a B 
Volt battery, Include; Crystal, 
Switches, 7205 MOS Chip & LED 


Displays and Beard ....... $29.95 
STOPWATCH HAND CASE for 
BHOVA .,,.,..,,.......... 335 


CLOCK CABINETS Beautitul 
wood simulated walnut gram $3.95 
Fiexiglass in Blue, White, Black or 
Smoked .. ... .... . $2.95 


SIX DIGIT AUTO OR BOAT 
DIGITAL CLOCK KIT Has г 
beautiful Charcoal Gray moulded 
high temperature plastic casa with 
chrome rim. Dimensions are 1X" 
high x 4" wide x 4%" deep, 

Large 0,4 LEDs display hours, 
minutes and seconds. Works on 12 
Volt AC or DC as well as autamaric 
switching to a $ Volt battery for 
Power failures, Battery (not sup- 
plied] fits in case. Provision for 
blanking display LEDs for put of 
car ar boat use, Adjustable Crystal 
Time Base included, as well as 


ALDELCO KITS 


Build rhe W7BBX Programmable Keyer (Ham Radio 
Apri! 1976) We can supply the four PC boards and a 
Comprehensive Construction Manual all for only 
$29.95 


Write for aur catalog featuring other Kits including 
the hard to get Keyer switching transistor 2344888 as 
well as other Keyer parts and boards. 


Clubs contact us for quantity discounts on any of our Kits. 


We have Wire Wrap Sackets and Wire Wrap Wire - 50 leer $1.98 


[1 ....,.................. $3.25 
MPATE ....................... ай 
2М3055........................ 
MPFIO2 ЕЕТ.................... 
2N3904 or 2N3906 ............... 
2N5496 or 24Б108............... 
MJE34( |2N5655) .... 

40673 ВСА FET ........ 

743 ог 709 14 Pin DIP 

ВЕБ Тїтєг...................... 
BSG Dual 555 ,,..............., 1.75 
200 Voll 25 Amp Bridge ,,....... 1.50 
189:14-1N414B. ........... 15 for 98 
IN34-1N6G-1NG4 .......... 10 for 99 
CA 3028 Dif, Amp ............. 1.50 
4060 СМП5................... 2.00 
LM303K Volt Нер.............. 1.10 
МЈЗ055 .,.................... 2.20 
5333 Clock Chip ............... 3.95 
5314 Clock Chip _........... Ll 4.50 
5318 Clack Chip ............... 4.95 
2NBIO3 ..... .................. ga 
LM309 or 741 Min DIP Op Amp ..... 45 
LM741CE Т05 Op Атр .....,..... 45 
14 ur 18 Pin IC Sockets ............ 30 


Slide Pots Tapered 1 К or 15 K $ .50 
Eng Insujators 2.0... 0.0.0 0S 45 


2N5643 ...... m 14,35 
235913 


Mobile Mounting Bracket. 
KIT ONLY $29.95 
Three or more kits 27.96 
Wired and Tasted 39,95 
Power Pack for use on AC 255 
NOW NEW IMPROVED DIGI, 
TAL ALARM CLOCK KIT Hours 
* Minutes ' Seconds displayed on 
sx BIG ОБ Fairchild 7 Segment 
Display LEDS 12-hour format 
24-houw! alarm with snooze leg- 
ture, plus elasped time indicatar 
and lreaze feature, Eight pages of 
Pictorials and ingiructians. NEW 
on-board sower transformer 
and circurtey for optinnal time 
base, ---. -519,99 
60 Cycle lima ‘BEES kit for dc use 
in automobile or for Battery 
operation.  ,.,.,.. , ®4 95 
12 OF 24 HOUR CLOCK KIT. 
Comes with Big 0.5 Seven Segment 
LEDs. Uses National 5314 Clack 
Chip. Fits our Walnut Grain ог 
Plexiglas Cabinets, ONLY $18.95 


L LIC 22814 BABYLON TURNPIKE, MERRICK NY 11566 
516-378-4555 


ndusTRial 


Torrance, California 90503 


SPERRY=—UNIVAC 
KEYBOARD 


The famous Sperry Univac 1710 Hollerith keyboard assembly 
is now available from California Industrial for only $24.88 
The ideal computer input device for accountants and 
mathematicians. The numeric keys are placed on the lower 
three rows to resembie a ten key adding machine, This 
format allows one handed numeric data entry. 

Original cost was $385. Used but guaranteed in excellent 
condition. Complete with documentation. 


Californ 


Post Office Box 3097 


РА 
Be 


ne a 4 
mL ley errs 


POWER SUPPLIES 
= RS-232 


DB25P 
male plug & hood 


umma. $395 


Mal 
(ттттїтїтттту 


08255 female 


395 


Power Transformer 


IMSAI /ALTAIR 
Edge Connector 


Amir, mso) compatible gold piatat. dual 5G 
1125 centers} three tier wite wfnp kuga 
canpociar 3 tor $1350 


CALCULATOR 


1770 


incodyd солае deytoard Cunlains 63 


migbia дой ptolod 
Kit comporiants and 
$3500 «обот! 


63 key 
KEYBOARD 


This 
mutars 
the 

9 quad seo and 
анталап 


SPS! switches: ASCII 
4 phnléd ситий boord 


joysuck teatro lowr 100K ропе 

that vary тозматса proportional 10 
gie OF the stich Perlect for television 
айю controlled 


KEYBOARD 


nu $4498 


$150 
Еч shipping 
input }?7ас Outpub2ty 5A center 
lapped Suitable lar 1?v 5A or Sy 
104 power supply Four other wind- 
ings at lower currants 


ideal tor keyless entry systems, bury- 
iar alarms. Towen Tone or noxa- 
üecimal compuler input code 


UV Erasable 
MEMORY 


Compucorp 

DIGITAL 

CASSETTE 
ECORDER 


s? 


15TO 3 vüc 


MICRO 
BUZZER 


TRIMMER 


POTENTIOMETERS 


2K 10% 50K 
5 tor 598 
20 50 100 
16: 14 12 
COMBINATION LENS 

MOUNTING DEVICE 


5 Red Amber Green 
for __20 50 100 1k 


17‹ 15:13111 


ev 
вас 
o 


. 


М 


COMPUCORP 
Power Adapter 


2 
S535 


2222332 
FSS 


5 


ea. 10 50 100 

2N22224 20 18 16.15 
293055 89 84 77 65 
Mi3055 39 .94 .87 75 
243904 15 .11.09.07 
|283506 15 .11.05.07 


Diodes 
10 25 100 


1N4002 1005..08.06.05 
194005 600:..10.08.07 
184148 signal .07 .05.04 
wmbored — ea. 10 25 100 
CE 05 515.1028.07 


15214 Greviilea Avenue + Lawndal 


z 


PIETET EET 


< 


S222 


Output 
12у 175maà 


TRANSFORMER 


power cord and mating 
chassis connectors. 


up UO UD ESSE 
_ =n 
= 


For 
598 
5-WAY 
BINDING 

POSTS 


ät 
ag 

menn 

AG EEBASG 


E 


"We want fo 

loots won 

af Cost And Diveelore n 

Pe ENTAO and ihe LATA! 


— 19 юш actou 
sw nia sating thom 
mi ine purchase of 
to 50 per customer 


AA MICAD 
BATTERY 


Caltlarnia 90260 + (213) 772-0800 


All merchandise by Calttornia Indusiital fe gremium grade. 
Order ere shipped ihe same day received 
PLEASE INCLUDE 1100 SHIPPING ON ORDERS UNDER $15 00 
Comlornia residents edd 6) sales tar © Money back guarantor 
Sorry, те СОО + Foreign orders add 10% 


"s2700 R 


BRIDGE RECTIFIER 
MOTOROLA 27 Amp. 200v. 


$150 shipping 


5 voli 22 Amp eegulaled power supply Ао 
delves 12 wol at 4 Amps unregulated 
Pertect for TTL applications 


ixi [$3.50 


«x 


BNC CABLE 
15 "uer of RG-5BU 


соппесіоғ al ands 


MINIATURE 
TOGGLE 
SWITCH 


$.98... 


in $0 100 
*88 81.73 


Ua 


{сю 


4500 50 v. 514: 


1000/15v. $55 49 45 


ana ROCKER SWITCH 


512 10 .08 
.06 .05 .04 


«1 disc 


01 disc Photoconductor 


Celis 
| 3 lor *98 


10 ohm «100 K 
DISCOUNT 


Wire Wrap Center 
IC SOCKETS E 


Solder 
о. 25 50 


17 16 15 
20 19 18 
21 20 19 


wire wrap 
ta. 25 50 Manna 
wire 
«rapping 
hr 
LL 


c 


529935 t 


оң KOBAY WRAP-30 
wire wrapá stri Мэ! 


$545 


3% 36 35 
38 37 36 
$99 33 85 3645 34 
$5 155 335 53 60 58 


s». КУМАКУ? 


б 500 1,000 11,000 
59, 515, $105 


Circle 200 on inquiry 


COMPUTER 
WAREHOUSE 
STORE 


DEPT: В @584 COMMONWEALTH AVENUE e BOSTON, ерул» GIIS 261-2701 e VISIT US: 9-9 WEEKDAYS; 9-6 SATURDAYS 


ONE DAY 


USED PERIPHERALS 
FOR MICROSYSTEMS 
HAZELTINE 1000 $795 


VIDEO DISPLAY TERMINAL + SHIPPING'35 TH 
12 LINES x 80 CHAR., TTY COMPATIBLE, 
5 x 7 DOT MATRIX, 525 LINE RASTER. 
BUILT & TESTED; PLUG & GO 


s AllLanASR 33is and MORE! 


OLIVETTI TE318 - BACK IN STOCK! 
RS232 INTERFACE, QUIET OPERATION 
10 CPS, PRINTER, BUILT-IN PAPER TAPE 
READER/PUNGH, ELECTRIC TYPEWRITER 
KEYBOARD WITH ADDITIONAL 10 KEY 
NUMERIC PAD, YOUR CHOICE OF FRICTION 
" $875 OR SPROCKET FEED, LIGHTED PLATEN AREA 

Б. FOR EASY READING, STANDARD PAPER AND 
+ SHIPPING 165 1b TAPE, supporTED BY OLIVETTI 


TECHTRAN 4100.. (TEET $595. 


TAPE CASSETTE DRIVE. CAN RUN DIRECTLY FROM TERMINAL 
INDEPENDENT OF CPU. FULL EDIT CAPABILITY. 


KDI ADTROL АВ-21...$95и 


ELECTRO OPTICAL PAPER TAPE READER WITH 110V PS, STEP- 
PER MOTOR, 250 CHAR/SEC, FAN IN TABLE TOP HOUSING 


IBM 731 I/O WRITER $750: 


B3" PLATEN,PINFD,EBCDIC,U/L CASE,DUAL CLR RIBBON,115V 


CWS U-BUILD-IT SYSTEM $599 


* $35 SHIPPING 
MPU, CRT TERMINAL & 
AUDIO CASSETTE AT A 
ROCK BOTTOM PRICE ! 


SC/MP MICROCOMPUTER; 256 x 8 RAM, 512 x 8 ROM 
GREEN PHOSPHOR VIDEO MONITOR; 12'' RASTER SCAN 
SWTPC 1024; 32 CHAR. x 16 LNS, ASCII KEYBOARD 
SWTPC AC-30 AUDIO CASSETTE INTERFACE 

*OTHER PACKAGE PLANS - SEND FOR OUR CATALOG 


TO ORDER EQUIPMENT 


1.ENCLOSE CHECK FOR FULL PRICE PLUS SHIPPING CHARGES 
(KITS - ADD $5 IF UNDER $100; $10 IF OVER) 
(FOREIGN RATES HIGHER) 
BANKAMERICARD & MASTERCHARGE ACCEPTED - 
SEND CARD NUMBER, EXPIRATION DATE, INTERBANK # 
2.CLEARLY IDENTIFY SHIPPING ADDRESS 
3.DESCRIBE ITEM BY MODEL NUMBER 


ALL MERCHANDISE WARRANTEED 


A MUST FOR PERSONAL COMPUTING 


SEND $1 FOR OUR CATALOG 
THE ONLY ONE OF ITS KIND! FULL DETAILS ON OUR 
COMPLETE LINE OF KITS & UNITS, REVIEWS OF OVER 
150 BOOKS, LISTS OF NEW & SURPLUS PARTS & "ALL 
ABOUT HOBBY MICROCOMPUTERS" - AN INTRODUCTION TO 
PERSONAL COMPUTING. Circle 138 on inquiry card. 


SHIPMENT 


SPECIAL DISCOUNTS! 
ON KITS & ASSEMBLED UNITS 


SAVE UP TO 20% OFF KIT PRICE WHEN A PERIPHERAL 15 


PURCHASED AT THE SAME TIME.($200 MAXIMUM DISCOUNT) 


PERIPHERAL PRICE avER $900 mb 207 oorr кїт 
PERIPHERAL PRICE OVER $250 mp 10% OFF кїт 
PERIPHERAL PRICE OVER $95 wb SW%OFF KIT 


GREEN PHOSPHOR $150 
VIDEO MONITOR нен 


STANDARD 1V P TO P COMPOSITE VIDEO INPUT, 

16MHz BAND WIDTH, RASTER SCAN 12x12x12" 

WITH POWER SUPPLY, VIDEO AMPLIFIER, DRIVING CIRCUITRY 
VENTILATION MUFFIN FANS, 7х9'' HORIZONTAL VIEWING 

CAPABLE OF 24 LINES x 80 CHAR., ANTIGLARE #'' ETCHED 
GRADIENT DENSITY FACE PLATE, P39 GREEN PHOSPHOR, ON/OFF 
BRIGHTNESS CONTROLS, 115Vac, 60 W ... TRULY A COMMERCIAL 
UNIT BUILT TO WORK IN A DEMANDING ENVIRONMENT. 


DATAPOINT 3300-200  , 


THERMAL PRINTER 37 5 +525 ѕніРРІМС | L 
PARALLEL PRINTER WITH ADDITIONAL CIRCUIT ‘ 
BOARDS TO PROVIDE SERIAL INTERFACE, PRINTS 

UP TO 30 CPS, 100Vac PS USES WIDELY AVAILABLE 

NCR PAPER, 96 CH, ASCII, 80 COL, CRT COMPATIBLE 5x7 
DOT MATRIX, SOLID STATE WITH LESS THAN 25 MOVING PARTS. 


DATAPOINT 2200-200 3395 SHIPPING 


CONSOLE PRINTER 

BOTH UNIVAC & SINGER BUILT THESE 
PRINTER MECHANISMS WHICH OPERATE AT 
30 CPS FROM A ROTATING WHEEL. 65 CHAR. 
USES STANDARD FORM FEED PAPER, PINWHEE 
IS INTERCHANGEABLE. 

UNIVAE 0769-06 PRINTER MECHANISM ONLY 
(NCLUDES MOTOR/PRINT WHEEL ... $195 +SHIPPING 75 | 


K А TS * HIGHLIGHTS FROM OUR Ж 


IMSAI 8080 MICROKITS 


r 


WIDE SELECTION 
LEAR SIEGLER ADM-3A 


8080A KIT ЭШ], Lose $699 му Cursor Control 
Bonoa кт M UAT ass eade э 751. igo 

К MEMORY КЕТ, ces een nnn 139 

PIC-B PRIORITY INTERRUPT......-. 125 ce dins юан 
SERIAL 1/0 KIT... es MS М =20 m Loor $875 
PROM 4-542 KIT... . 165 

UCRI-1 KIT... s 85$ SCAMP КІТ, ,........:.... 599 
TAME A BÍ Tus qd xr rom sva we . 18 FROM NATIONAL SEMICONDUCTOR 


STANDARD INPUT/OUT INTERFACES, KEYBOARD KIT..,. 95 
MANUALS, SOCKET SETS * BUILT NIT * 
VIKING 100 PIN, HEAVY DUTY. .... 53.00 у 5 


LTD и 50000 
SWTPC 6800........... $395 ature teen oe 


512 BYTES of ROM SSERIAL INTERFACE 5100 ВОЗ... РОДА... $1095 

@RS232 or 20 mà «аҚ of RAM SINGLE DHIVE F02502. $ 549 
(COM FLOPPIES: 

FF36-| FRUGAL,... A 51195 

FF36-2 DUAL FRUGAL, _. 1095 

360-58 BLT;INTFC 8080.. 300 

5171 POWER SUPPLY , 250 

F6360-2-50UAL SYSTEM. 3000 

KIM-16s02- ТЕРМЕП 5 245 

HPHB T" 18,50 KIM-2 АҚ, а.а 79 

MPCb, MPSb, MPLb, ЕАОН,......... 9.50 KIM-3 BK. пън 285 

COWNECTOR SETS MPU/HEH... . 2,50 MANUALS PACKAGE. reapers t5 


CORMECTOR SETS INTERFACE 


2 TARBELL AUDIO CASSETTE KIT 120 
AERA алто 5 6761, 


7.2 INTERSIL INTERCEPT JR. $28) 


AC3O AUDIO INTERFACE, ... 5 
PPhO РА!НТЕН............ ‚ 250 I2K КАМ ssa n nn n 195 
CT 1024 TERMINAL КЇТ... 175 ROM/PROM В0АВП......... 74.65 
СЕТУ 15,50. "79. 0. ona YOU AGO MEMORY CHIPS 
ALL SWTPC UNITS ARE KITS SERIAL !/0.......... ,U1,50 
AUDIO VISUAL BOARD... 125 


————Ó———— 
SHOKE SIGHAL BROADCAST I6K RAM — 595 


SPECIAL OFFER 
100 STEPS 
PROGRAMMABLE 


SCIENTIST 
#4525 


.. Scientist PR 
" 


W wp 


Se REG. $89.95 


T f 


| ome E | Г] E 1 95 
mE 


- RPN logic with "built-in" hierarchy for increased 
accuracy and speed in calculating sequences involv- 
ing arithmetic, trigonometric, logarithmic, power or 
exponential functions. - A rollable 4-level stack lets 
you review or use intermediate solutions. · Eight- 
digit plus 2-digit exponent LED display with full- 
floating decimal system. - Scientific notation for 
increased mathematical capacity. - Sine, cosine, 
tangent and inverse trigonometric functions. - 
Common and natural logarithms and antilogarithms. 
* Instant automatic calculation of powers and roots. 
+ Single-key square root calculations. - Single-key Pi 
entry. - Separate storage memory. Square, square 
root and reciprocal calculations. Change sign and 
register exchange keys. - MOS/LSI solid-state cir- 
cuitry. - Includes 3 AA rechargable NiCad batteries. 


MANUFACTURED IN USA BY 
BY NATIONAL SEMICONDUCTOR 
ONE YEAR UNLIMITED WARRANTY 
10 DAYS MONEY BACK GUARANTEE 


— Model #45250 38.95 

— Model *45200028.88 . 

—— АС Сһагдег@4.95 .— — 

— ..Case(s)02.95 |. 

— Calc. Stand22.50 —— 
Cal. Res. add 6% tax 


Total 


ALSO AVAILABLE 


MODEL #4520 With the same features as above but 
without programming capability (à $28.88. Acces- 


sories same price as above. 


Circle 157 on inquiry carel, 


SAME DAY SERVICE IF PAID BY CASHIER'S 
CHECK, MONEY ORDER OR CHARGE CARD. 


ASC II KEYBOARD 
NEW Munus dunes QUSE 


+ 3 = € 
v Ow E wW"Wvrvutbocs9f?t So 
WM m w S GB F GH ›)› к Tz SF 
т p z *0"V B WM 7 


$5800 


This 63 key ASC П Encoded Keyboard kit was 
designed and manufactured by Electronics Ware- 
house Inc. Features: Single 5 volt D.C. supply, 
utilizing only TTL Logic elements (no MOS devices 
to blow). TTL drive capability (each of the eight bits 
of ASC II output will drive the equivalent of ten 
standard TTL inputs without external buffer drivers), 
de-bouncing, upper and lower case fully ASC II, 8 
bit parallel. In addition to the alpha-numeric and 
symbol keys available on a regular keyboard, the 
following keys are utilized: Escape, back-space, 
tab, line-feed, delete, control, shift-lock, shift (2 
keys), return. All 128 ASC II characters are generat- 
ed. 

Kit includes: 63 key keyboard, P.C. board, all 
required components and assembly manual with 
ASC II code list. 

Optional: Parity bit- add 50€ • Enclosure - $25.00 
* Serial output- add $2.00 * 18 Pin edge connector 
- $2.00 * Sockets - $4.00 

Note: If you already have this teletype keyboard 
you can have the kit without it for $39.00. Dealer 


FROM CONCORD 
THE FIRST FULL FEATURE 


si DMM xir 


mere PRICE: 


Reg Suggested Retail $149.00 \ y / 


- AUTO RANGING 
- AUTO POLARITY 
* AUTO ZERO 
Basic D C Accuracy better than 
y 3 Large Digits (1/2" Б 4 БДИ ентда анато: 
- Rechargable 


MEASUREMENT RANGES: 


Vollage (AC & DC) 1 MV- 1000V 
Current (AC & DC) 10 LIA - 1A 


RESISTANCE 10 - 10 мо 


able batteries optional) 


Ni-CAD BATTERIES: $6.00 * AC CHARGER: $4.95 • ENCLO- 
SURE: $12.95 « TEST LEADS: $1.95 « SHUNT KIT FOR 3 
CURRENT RANGES: $4.75 « SOCKETS $2.50 


ORDERING INFORMATION 
SHIPPING AND HANDLING - $3.00 + 50¢ Insurance 
California residents add 6% sales tax 


ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD, Dept. B 
REDONDO BEACH, CA. 90278 

TEL. (213) 376-8005 
WRITE FOR FREE CATALOG 


You are invited to visit our store at the above address 
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World’s Lowest 
IC Prices 


* SPECIAL PRICES * 


74109 .30 74174 2.05 CMOS 
MEMORIES 74116 1.50 748175 205 X 4001 16 
Rams 74123 45 X 748181 2.95 4002 16 
745200 2.95 74141 80 x 748187 2.20 4006 .90 
2102 1 13 * 74145 75 745257 1.50 4007 Лв 
` . 74150 B0 x 4008 70 
Proms 74154 60 HIGH SPEED 4011 . 16% 
82523/5123 1.95 € 74152 90 74H00 20 4012 46 x* 
828129 3.25 74155 60 T4HOt 20 4013 30 x 
оте og 200 74157 .60 74HO4 20 4015 .80 
: 74160 75 74H10 20 4015 35 ж 
MM 5013 1.50 74161 75 % 74H11 20 4019 70 
М5 5260 1.50 . 
NS 8619 200 74163 75 X 74H40 -20 4020 90 
MH 0026H 3.25 74165 .80 74H51 -20 4021 95 
TIL 74173 1.25 74H52 20 4023 46 * 
7400 12% 74174 75 74H74 ай 4025 20 % 
7402 " 74178 S5 4 74H103 -50 4027 .40 
7403 . » 74177 70 74H106 50 4028 .60 
Me 74180 во 4030 35 
7404 16 х LOW POWER 
74181 1.50 4040 .95 
7407 20 74191 85 SCHOTTKY 4042 60 
7410 12% | 74.500 29 ' 
74192 70 x 4043 ‚75 
7416 25 74193 70x TALSO2 29 4044 79 
7420 12% ' 741.508 29 ` 
74194 85 ` 4049 35x 
7427 25 741510 .29 
74195 68 4050 35 x 
7437 20 74198 1.25 74LS27 .30 4066 65 
7438 20 + "En a 741573 „45 | 
9602 50 X 4068 -35 
7440 22 % 741575 65 
9300 75 4071 16 
7441 65 X 74LS151 1.10 
9312 70 4073 16 
7445 60 74LS153 1.10 A075 46 
7447 75 SCHOTTKY 74LS157 1.10 4516 85 
7450 14 74501 -25 74LS161 1.25 % A528 75 
7451 14 + 74502 25 т4.5163 1.50 ` 
7473 28 74537 40 1418164 1.50 LINEARS 
7474 .28 74838 60 74LS174 1.10 ж DMB8B820/30 1.75 
7475 .40 74585 2.00 74LS175 1.50 NES36T 2.75 
7480 40 + 748112 .80 7415193 1.50 NESS5V 43 
7483 68 745138 1.50 74.8221 1.25 % МЕЅ56А .80 
7486 .28 745139 1.50 7415251 1.50 1456V -75 
7490 45 745140 50 7415253 1.50 1458V 52 
7493 .50 745151 2.00 7415257 1.50 566V 1.25 
7495 .49 745154 2.50 74L5258 1.50 567V 1.35 
74107 .29 748172 4.50 S40L 2.00 


Order Minimum $10 00 Add $1 00 shipping and handing charge per order Сайогта residents add 6°. sales 
fax All orders shipped First Class within 24 hours 


Order the famous lasis 6 volume Programmed Learning Course “Microcomputer Design is a Snap" for 
$99.50 and receive a special $10.00 credit on any group of IC's, 


Satisfaction 100% guaranteed. C.O.D. Orders: Phone (day or night) 408/354-1448 
EIRON „050% 
Sunnyvale, CA 94087 

Free catalog-—Just send us your name and address Circle 102 on inquiry card, 
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A New Generation of Computer Kits 


When we started catering to the computer hobbyist back in '73, some people thought we were going to go out of business; now 
it's 1977, and because of the popularity of our computer kits we are again expanding the line. Note particularly the new 8K 
ECONORAM Il" first the price, which Is extremely low; next the unique configuration that extends its usefulness. Our Motherboard 
represents another tremendous value made possible because of our large parts business, We're also distributing products from 
both George Morrow and Mullen Computer Boards---we think they are exceptionally good and represent cost elfectiveness equal to 
our tine of Kits 


From parts to peripherals, we are your one-stop, mail order computer store. 


8Kx8 ECONORAM ІГ |AK x8 Econoram ` 


Uniquely configured as 2 separate 4K х 8 blocks (with fully independent 1f you want rhe best combination of value and econ- 
protect and address decoding to increase flexibility), aur ECONORAM ТІМ ЩЩ omy, look at ECONORAM™, We don't just claim low 
features full buffering, guaranteed 450 ns or faster speed (use I waitgM power: we guarantee current consumption under 750 
State with 2-80; necessary logic included on board), plated-through, dou-MK mA, with the typical board falling between 600 and 
ble-sided epoxy glass board with gold edge fingers, low profile sockets, 650 mA. Fully compatible with the S-100 buss; full 
on board regulation, and 3 state outputs that can drive the Altair/INSAIM@ buffering gives clenn and unambiguous data transfer; 
5-100 buss or any bidirectional buss. and speed is guaranteed 450 ns or faster. We didn't 

We use proven, reliable technology, like static 21021-1 low power IKÆ cut corners on the kit either, with low profile soc- 
RAMS, and low power Schottky ICs which keep current consumption to an ab-@ kets, dipswitch address selector, low power Schottky 


solute minimum. And there's more...to see for support ICs, and a high quality circuit hoard. 

yourself, send $1 to cover costs and we'll send 163 84 s 

you our ECONORAM 117м Logic Print/Documention. . Also available assembled, tested, and 100 
ke per bit! warranted for one year for $130. 


MOTHERBOARD $80 | Small System Power Supply 


Use with the IMSAI microcomputer as an add-on with room for 10 peri- Wan. oid ra hat 4 eem бр Тн MU, ERA 
pherals, or for starting an 11 slot stand-alone system. Comes with 10 ovérvnltage ора ч along with half án of +12 and 
edge connectors---lots of places would charge you the cost of our Moth- Mrd not -12 M" an additional 10 ks he lul dd 
erbourd for these alone, Active, regulated terminations, included on Sustéhle aver 5 to 10У For ot bis Al теб гий by ee ‘CPUs 
board, minimize the crosstalk, noise, overshoot, and ringing you can Although intended to be usad т Ed t y Ne 
find on improperly terminated busses. And of course, we use an epoxy “ MB А 10-4 е 7 DOOF ele vn 15 

also a dandy little bench supply for digital experiments. 


Mullen Extender Board $35 


yourself one of these, а Morrow Sigma-100 Front Panel, some RCONORAM ТТ 
boards and а power supply, and you're well on your way to а powerful 
Almost every S-100 buss computer owner 
Will at some point need an extender beard, 


system at a really good price. 
ы 

Morrow Sigmal00 Front Panel and chore are! many goad тыз to choos 
this one, Like the integral logic probe... 

At last, з machine where you can examine, alter, and the specially designed edge connector that 
monitor every function of the CPU/front panel and ics ap- allows use of ciip lead probing and iden- 
eration in real time. [dit or modify your program while fifies pin numbers...the jumper links that 
you run it...think of what this means in terms of extra allow easy current measurement...the non- 
productivity, reduced frustration, and greater speed. skid probe,.,.the quality board...and the 
The SIGMA - 100 Minicomputer CPU Board (with integral instructions, which are clear and very com- 
front panel) gives you this control...run your program, plete. Save yourself troubleshooting time 
or step it at any rate from | to 1000 steps per minute, wd trouble with this useful peripheral. 


You can stop the machine to examine and alter processor 
registers, memory locations, and 1/0 devices---there is M ll О | Ё | 
ullen Opto-isolator/ Relay 
B fast reed relays respond to an 8 bit 
oar vom feed the relsy associated with its 


Special firmware to keep the CPU from going to sleep, 
You can also monitor sll of the above during 
execution of a program as well. Everything 
a "1" and it closes, give it a "0" 
че it opens. Also, B apto-isolators ac- 
cept an 8 bit word from the outside world 


is frent panel controlled by your fingertips 

through а 12 pad keybosrd; octal data reads 250 

Out on 7 segment rendouts. DOCUMENTATION: $5. 
and send it to your computer for hand- 
shaking or further control purposes. Use 


Morrow О Board fa К it when you nesd a general purpose 1/0 


ЕЗ switching gizmo - model railroad, security 
1 ШШЩ he ‘ 
1f you think 1/0 boards don't offer enough fen- ni ili il systems, audio switching, and so on. 
tures,,.we agree, This one handles 3 cassette ma- 


MAR Ere I Winer, ы te о t Vector 8800V Proto- 
type Board $19.95 


pose B bit port for an ASCII keyboard, tape reader, 
Same size as typical Altair card, but useful for any 


or the like, Contains 's Kbyte of onbourd RAM and 

Kbyte of onboard ROM to give this peripheral the 
prototyping work. Accepts virtually any size IC pack- 
age, has a power and ground plane, room for 4 regula- 


required smarts; data buffers handle the interface 
between the 1/0 board and your 5-100 buss micro or 

tors [with 1 heat sink provided)...implement your awn 
memory boards, 1/0 boards, and other circuits. 


minicomputer. Want to know more of 
this versatile bourd? Gur complete 
documentation, many pages of useful $120 
information, 1s available For $5. 
100 PIN EDGE CONNECTORS 
-100- A П А 
READOUTS 7l 6-190 14057: NEN! Soldertail type, fits ros 
ый 


FND359 .4" FND503/510 .5" 
PARTS READOUT рата а ар Alexie pon ERU. 


Common cathode, FNDS10 Com anode 
segment ren 7 FND503 Com cathode S-{00WW: 3 level, gold plated wrap posts; $5 each 
CAVE РҮ GENIS AGB L1 [ l l 250° pin spacing fits IMSAl motherboards. 57522.00 
yi 107 $4 tust 95e each NEN 
100/335 .00 actual size — 10/68, 5g actua size $-10UST: Same as above but soldertail. -Same- 


by calling (415) 562- 0636, 24 hours. California 


residents please add snles tax, Ми. GODBOUT ELECTRONICS 
BOX 2355, OAKLAND AIRPORT. СА 94614 


Circle 8 on inquiry card. 


relating to electronic music ns well as a complete 
line of semiconductors and components. 


TERMS: Add 50е to orders under $10. Please allow FREE FLYER: Give us the word and we'll send you а 
5% for shipping; any excess refunded. Street ad- copy of our flyer, which describes our complete 
dress MUST be inciuded for COD orders. Place Dank- line of products in greater detzil. Їп addition 
Americard* and Masterchnrpe* orders ($15 minimum) to our computer oriented line, we carry many items 


JADE CO. OFFERS 


THE ITEMS SHOWN IN THIS AD FOR IMMEDIATE SHIPMENT 
FROM STOCK. IN ADDITION WE STOCK OVER 4,000 OTHER 
ITEMS. INCLUDING: 


MICROCOMPUTER 


—— 
11024-38256 a 3 Ait 70 ns C 4.25 
17024 356 s B Alt us TS Krasablw 5.00 
à oW Ri ох TS tras Lo Pwr 7,00 
a RA 450 ns TR Frasable 0,00 
t 4 бїт 450,» TS [rasahle — $5.00 
å Rit | us TS Erasable 
S Ait L us TS Drisable 
3 Hit. ой ns 
а dit 63 one 
а 
* 
4 
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A hit CPU 
Improved MUON 
Super S008 
[ШЕК 
Cre (#50!) 


Maro 05 ns 9 об 
bit 50 hs 4.00 
Bir 30 n5 "E 
$n ns dl 2.50 


Orage Unit ү! 
логу Interface {Р 

Гага геі 1/0 олут Ген 

Counter Timer Circutr 

f Bit 1/0 Port 

Prioritylnterrupt Control 

усо LES Wi Dervetional fus акен 

Dusi VCO Clock, Ceneratur Wr deer 

VEO. Function paron Controller ù fus Iriier 

Nrogranmable (ormmunicatien Pay 

Vrograwmmbie l'eripheral (nferíave 

гойт Wirect Mem Access Control 


All Standard, Hi-Speed, Low Power, Schottky TTL Product 
All Linear Devices 

Transistors— Diodes 

Clock Kits & Modules 

Vectors & AP Products 

Resistors-Capacitors 

Video Games & Chips 

PROM Setters [E-Prom] 

Wire & Wire Wrap Tools 
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SPECIAL OF THE MONTH 
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MISC OTHER COMPONENTS НЕНИ: 
ЧчиойЗ((Ч [му] Lue Cost MOK C)ock Driver 
MHI0QleCS 9 Міг ual MOS Clock Driier 
чәт1й Ab Bi reetionat One Sher 
ELTEL] iunt hae Driver/Receiver 
МАТУ Tri tate Hes Huffer 
DI Tra Stati Mea Inverter 
WSZAMI Quad Lane Driver 
RSENS Quad Line Receive! 
Uta MOS Driver 
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ate Mea WIS Sense Sap 


2708 E-PROM 
Price $35.00 ea. 
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TIME BASE CHIP 
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Electronics for the Hobbiest and Experimenter 


5351 WEST 144th STREET 
LAWNDALE, CALIFORNIA 96260 


Circle 215 on inquiry card. 


(213) 679-3313 


BANKAMERICARD 


tage Binary Саз» 
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OTET 


1 трт FP Gate 
Triple 9 taput АМ Care 
Tripte % input P8 Gate 
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SOCKETS 


] L SOLALTS 
——————— 
bescriptton 


ИТ] 

IC- 081 Geld 
lin 
Wire krap Gold 
Lo Pro " 
Stondard l t 
Wire Nrup 
Lu Pro таз 
Lo Pra Open frame Tin 
Wite ито Tin 
Standard PC Тап 
Wire Wrap Тал 
lo Pro (рел Franr) 
Standard PC Tin 
Wire Wrap Тїп 
Lo l'ro (Open franc! 
Wire Brae — T 


Lo Pro 


Tin 
Tin 


Tin 


Tin 


9 THESE FREQUENCIES ONLY 
7 Frequency 
T4000 MHz 
2 000 MHz 
2.000 MHz 
3.000 NH: 
10 000 MHz 
12 91618 MHz 
13 000 MHE 
20.000 MHz 
32.000 MHz 


XR-2208KB Kil 527,00 Special ХВ-22П6КА Kit $17.00 


ww EXAR ee 


MISCELLANEOUS 
PAPAL БА 
NT т) 
БАЕТ im 
wiag sul 
XA MEA An 
*®-2204 520 


CONNECTORS 


PRINTED CIRCUIT EDGE-CARD 
156 Spacing-Tin-Double Read-Dul 
Biturcated Cantacts — Fils 054 to 070 P.C. Cards 
15/30 PINS (Solde; Eyelet] $1.95 
1836 PINS {Solder Eyelet) 52.49 
22/44 PINS {Solder Eyelet) $2.95 
50/100 4.100 Spacing) PINS {Solder Eyelet) $6.95 


25 PIN-D SUBMINATURE 


PLUG 
SOCKET 


ax] CRYSTALS | 


ROU 


MR En “ 
PRASE LOCKED Loors 
An. 2M БҮ 
MAES 

(a 


0В25Р 
08255 


53.25 
54.95 


Ин 0-2 VOC 05 per cent үйл! матете Тезе the Molo«ala 3% digit 
OVM chp cot ( hasa 4 LED deiplay amd operates trom а single + 50 
Powe suppiy The und 15 provided complete with am injection maldesl Їз СА 
Basie case cuimphele with Basel Ап optional power supply is аулар 
wich їз ua Dia samne case as the 0-2V ПУМ lawing 117 VAC operation 


A. 0-2V DVM wilh Case $49.95 
B. 5V Power Supply $14.95 


VECTOR WIRING PENCIL 


REPLACEMENT WIRE — BOBBINS FOR WIRING PENCIL 
WIG APA J 25010 46 AWG GREEN $2.40 
Wit JH-Phy 3 280 tt 36 AWG AFD $2.40 
WADE 3 250 П 36 AWG CLEAR — $2.40 
WAG30-Pky I 750 п 36 AWG ALUE 52 40 


1/16 VECTOR BOARD 


©! Hole Spacany Р. Patea 
Pan Mo i w 


64k 23 Qho tak БЕШ 
TERPS дзь лар iM 
LEREZ ЕШ 
AAP 0 bz ain 
149Р:4 067 aut 
+ёзГфа O62 hal 

iw 


Wk HEAT SINKS u 


205-8 5 25 
291:.30Н Rhyne ieg Sen lir М 230 tienenia Һ ири S 25 
[80- 75А а $1.60 


HEXADECIMAL E ENCODER 19-KEY PAD 
4 Е А; 
e Aeluin Key 
w Optional Key (Pernod) 
. Key 


$10.95 each 
63 KEY KEYBOARD о ч 
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$19.95 
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100165 16 LIME TO FOUR BIT PARALLEL KEYIMIARO £HEODER 


JOYSTICK 


These joysticks feature tow * 
pmt maters, What vary ro- 
shance proportianal to Iit 
angle olihe stie. Sturdy uncta 
construction wilh plaslics 
components only at Ilia mova 

ble jim. Peresi Hr eectranic 
games aid instruinentatibi 


pm *bK Pots $4.95 
*100K Pots $7.95 


MC 4562 
Easy 
C0470 


Calliprpia Rasidants — Add 6% Salas Tax 


MICROPROCESSOR COMPONENTS 


CPU $19.95 6224 System Contiollei - Bus Driver $10.95 
Е Bit Inpul шцы 435 MÜO5800i B Bil MPU 35.00 
Pilonty [erupt Gantrol 1595 MC&B2OL Periph Inigrfate Адар! 15.00 
fi-Directionil Bus Giver 6.95 MCB6SIGAP1 128 « B Static RAM 
Clock Generator Dr 1095 MCGHIOL7 1024» 8 dit ROM 

3995 280 CPL 
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РАВАТВОНЇС$ meret 


Featured on February's Front Cover af Popular Electronics 


Logic 
Analyzer Kit 


$189.00/Kit 


e Goma applicators are 

Troubleshooting microprocessor 
a(ldtess, Instruction, and dala Пом 

— Examine contents of ROMS 

— Trading operation al control logic 

= Checking counter and shift 
register oparatior 

— Monitoring 1/0 sequences 

— Мапуто proper system operations 
during testing 


Analyzes any tyne ol digilil system 
Checks dala rales im excess of d пио 
words per secirid 

Trouble shoot TTL. CMOS, DIL, RTL 
Schottky and MOS larnilies 

Displays 16 logic states up to В шї! wide 
See ones and zaras displayed nn your 
CRT, octal oi hexadecimal Ioina 

Tests circuits under actual operating 
tandilions 


» Easy 10 assemble — comas with step-by-step construction manual 


which includes 80 pages on logic analyzer oneralitin 


BUGBOOK " 


Continuing Education Series 


BUGBOOK ) & I) -Basic concepts ol TTL Logic — over 90 
experiments $17.00/2ol 
Introduces UART — recommended 

lor RTTY enthusiast 55.00/000к 
Esplores BOBO chip — introduces 

Maik BU Micracompuler — $18.0ü/book 
555 TIMER APPLICATIONS SOURCEIIOONK WITH 
EXPERIMENTS — ove 100 desipo tactiniques $6.85/bonk 


CMOS -M-DESIGNERS PRIMER ANO HANDBOOK 
а Campiele CMOS instiuction manual 


BUGBOOK Ila - 


BUGBOOK IN - 


$5.00 


vmoadny Otter ill 6 books еши fl) 85; 
SPECIAL - 542.95 


CONTINENTAL SPECIALTIES 


PROTO BOARD 6 Other CS Proto Boards PROTO CLIPS 
515.95 PBIDO -45 «6 $ 19.95 | 14 PIN $4.50 
(8° lang X A" РВ101-58°х45 2855 | 16 PIN 475 
PB102 - 7° 445 39.95 | 24 PIN 8.50 
PHO - 9 x 59.95 
РВИМ + 9.5" xB" 70,58 |, DESIGN MATES 
PR203 - 9 75 х 86 х2 75.00 ~ Cireun Designer 
PB203A - 9 75 x 6% x 2 120,00 54,95 
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Lagi Monltar RC Bridge 


w DIL ntu M 


aT PROTO STRIPS 


< "pn 
"els Multas e 9136 mn. "" 


` 


M CMS Dev 


ич 

ШЕЛ 
ЕЛ 

1020 
225 


— 0.5, Funts Only 
Dealer кашааны Avaltoole — Request Pricing 


ames 


1021-A HOWARD AVE., SAN CARLOS, CA. 94070 
PHONE ORDERS WELCOME — (415) 592-8097 
АМ Advertised Prices Good Thru. Jone 


- function Generator 


Spor Sheets - 2c — Send 35g Stamp for 19774 Calelog 


(D Timeband 


rat 


Digital Alarm Clocks 


C-S00 - tory Cose 
$-5000 - Ebony Caso 
59.95 


DIGITAL AUTO INSTRUMENT 
SEVEN DIFFERENT INSTRUMENTS! 
MEETS OR EXCEEDS ORIGINAL AUTOMDTIVE SPECS 


Prise рей winch ane of fe sewn models pau wan 
when ordenny ~ these do ner my Comm i one we 
Ench made! mug) be ought дорагі 


TACHOMETER ‘ice 
1 900 АРМ 
"Tr 


g WATER TEMP 
Денс F 


FUEL LEVEL 
З Percentage 
Low Fui ind 7 


Wooapcsitt Cate 
$10.85 


Б Ой. PRESSURE 
0-80 esi 


Oh. TEMP 
mcer ғ 


BATTERY MONITOR 
7d Nis From 11615 VOC: 


BRIGHT YELLOW GRANGE 
Y' LEG DISPLAY! 
Kit inchedns case vchel and ali сотор!) — complete 


IDMENSIONS 4&4 2 KIT; $49.95 
* лой $10.00 ler годинка spaan маод. ASSEMBLED: $59.95, 


, DIGITAL STOPWATCH 


4n Dira, “ve 
ates 9 Aik vecanti 


* True Stopweiches m Опе 
Jew Single Evert — Sout & Таут 
- 5615 115 а 90 40у ииет 


a Uses 3 lenti Dells 
Kit — $35.95 
Assembled — 549.95 


Heavy Duty Carry Case $5.95 
Stop Wateh Chip Daty (7205) 


ELECTRONIC ‘PENDULUM’ CLOCK 


« Swing Pendem 
e 7" Hours and Mihutes Display 
s 120i 24 Hour Mode 
a Time Set Push Butlons 
a Alarm Feature 
Kit-entinashed 

{сазе unassemblpy) 
Assembled-stained 

(cast assembied| 


QUARTZ DIGITAL AUTO CLOCK 
OR ELAPSED TIMER! 


Elapsed Timar: Hrs, Ming and Sacs 
жеу 
= Siarl Pashhulon. 


$19.95 


159.95 
183.95 


Xt; $29.95 
Acsombied: $39.95 


JE700 ЖҮЛ 


The ДЕЙ! з а е АА АН ie был 
кеин tea 


[К or M Hae 


115 VAC 


DIGITAL CLOCK KIT — 3% INCH DIGITS 
А DIGIT KIT $49.95 4 DIGIT ASSEMBLED $59.95 
B DIGIT КІТ $69.95 Б DIGIT ASSEMBLED $79.95 


This clock features big 392^ high digits for viawlng in offess, auditariums, 
elc. Each digit & tonnad by 31 bright 0.2" LED's, Tha clock operates irom 
117 МАС, has either 12 of 24 hr. operation, The & digit varsion is 277 x 
Зйё” y ТМ and the ddigh k 18 x 39)" к 19S" Kits comp complets with 
all campaniants, сава and transtormer. 

Spacity 12 or 24 Hour When Ordering 


JE803 PROBE 


The Loge Pr 
Арес in nune im 
тү Dh Hn CMOS now 


$9.95 Per Kit 


i primed circuit board 


[377 


$9. 95 Per Kit 


min, 7 400N т? Timeband samans WIRE WRAP CENTER 
5H74Q0 кыш ==» ae ee 
zm н rm 2 + Walches HOBBY-WRAP TOOL-BW-630 
5 = нын Е Men's & Ladies a a Battery Operated [Size C) 
10 y SMTAIS?N 09 a Solid Siate w e Weighs ONLY 11 Ounces 
E = SNMWEN 125 s Wraps 30 AWG Wire anto 
E чаўын 2 md « Displays hour, minute, 10441 Whita изин 529.95 Standard DIP Sockets (.025 inch) 
Этан 5 seram зж 1 Н TED! Фасл "cu 519.95 second, month & day саш — $з 45 $3 4 95 Complete with built-in bit ari sleeve 
E: р 7 E Ld 1 LI 
anton 5 эмен E. 125 » Snap-out battery ifle eat cutie 
7 4 ї 550 a 
Е SNTAESH 59 E teplacement Я y 
Saan о щн 29 Затон 299 F í WIRE-WRAP KIT — ur g 
SAAM А ЗАЙН — 250 рин 0 » Free set of replacement WRAP e STRIP e UNWRAP | 
нин S то RATION тм batteries „ Tool for 30 AWG Wire y 
п mum 2 E e Choose LED or LCD = ol of 50 f. Wt rue 30 AWG „Же 
и ан 49 s + 50 pcs. acl gins — 
ху SN 22 razr ne wania im PM pre-sirippes wire 
ш mum то una cm RU тоон went 53495 * One year factory mnm» ssl 611.95 
y PULL m EU 2m LED warranly Mth Үрп wosiap — $39.95 , 
ul ч 
и Н Шз EM E н CE е e SEE uon 
2 БОЕП . ] 
союш й mem 55 om [| wimEWRAPWIRE —30 awe 
27 97412) 3 SH74391N 125 4 d ni м 
SN7E125H 0 яс — (ewe ат "E pt — 
Sram mo wem ю QR US mm i DISCRETE LEDS m time as W250. min. 51.25 505195 1008.52.95 10001. 515.00 
мз D % к da е ns en ev, È SPECIFY COLOR — While - Yellow - Red - Green • Blue - Black 
E fe = = ктт 
Ts 4 ^c t [33] н ТТ 
быз 350 бен — Asi су CUTTER CRIMPER TOOL (CS-8} 
SNTSIaAN 4% at ap » Pher Nose isernated-jawl 


IM ix ГЛ » 56155015 Action Cutting 
Surius — 200 z 6 Bolt Cutters (4-30, 5-40, 6-32, 8-32 
КЕ 18 Шш M DISPLAY LEDS & * 10:32, 10:24) 
ж Ww ш punica] AMET » Crimp Stations {7mm Aula — 22-20 10 
MANY OTHERS AVAILABLE ON REQUEST Яа Up Fim - Cutting 


. 
s Scissors Action Stilpping (No. 22-20 to No. 10) 
æ Crimp Stations — insulated (2w-20 10 

12-10 elect.) 


coms "9 ih " г ; = - > "n < ~ à 

(napi — 5 ы н ган ч Actual Size - 814 length $8 50 

Permacel Electrical Tape 

© a 22 "iwide| X GGI (onp) e Al waather s Hotimpadt 
51.25 per eol — $9.95 per 10 roll package 


ZENERS — DIODES - — RECTIFIERS 


2044 Discount for 100 Cambined 7400's үнү MN Comennn Anane ved 
» J ‘ р тиң Callow 


yascsgg 


9050 


su ATARE GAME BOARDS 


BOARD А hs її 
Over р is l $6.95 ea. 


HP 5082-7300 Mulli-Digit Series 


"a KE e Common Cathode e Dip Package 
3 to 5 valts (25 mils per segment 


t UNLY 500 EA W PRICE 
Diodes, Capa. Crys Gaich ete AYSILABLE ? segment Monolithic = Display ВЕ? i- -W П p 30/1 ^ 
" , Hete HGO PIV 1 LAMP 
DELUXE BOARD — 11 ate 58.95 ea. 3 Digil 49 0 ped 10C ту 1 ane 
Фин 100 warty есы IC 200 th 4 Digit og 13500 
~ E - M Se 5 Digli 1.18 184125 
aca nm D 


мез 


35538 


ыд eit |. 


ИЛЕ К 
S LINEAR wa i "Er Y x" : 
] IG 15 4 J З P 
29 мэш 115 LA 5 te x "p » шын г 45 a a P 
тат (MOT 25 А1556 1% А е 1 VÉ ph #0 2 se 
s iua? iMzni 1% 


1 4 › SOLDERTAIL STANDARD [TIN] 265 ~ 
12 pin зл 2 4 Hp ©# ug m sí тї 
{с С ` NE E- а 
LIT ES x An ри E 145 13 ин 

E wis 00 EN 3$ Ae 


SCR AND FW BRIDGE RECTIFIERS 


[а] tsa im 4016 


m 

E ipM 285 
6 имэн 99 
79 му % 
75 11439658 @ 
w LOJII 125 
a 

w 

w 

K 


LMSSSKN 18% 
мс+50у 100 
мге 


‘SOLDERTAIL STANDARD (GOLD) 


canm 26а e голу pa 
LAJIIN ^ 
LEK 1558 NESSNV A NX ыя 

МНА 9nn.» 12А S Sov Pw BRIDGE AEC 


LMQEQNSI 1% Ll 590 
LMST0K. 02 125 КЕ5516 54 
LMIZ0K-15 1 35 NESZ 500 
5:015 125 MESE) 125 
LIOTA? 179 NESOSM 175 
LMOZOT-E 1,29 NESEACA. 1.29 
L 112 175 NESBTY 195 


MDA Эн з EI moy PN BRIDE HEC 
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фт» уйш 
юм 15000 
wan аб 
Er MET 


MINATURE TOGGLE SWITCH 


, Plastic Push Button Switch 


Ім 17% 150 1 Н 
OT ar 175 cN as * 18 AWG Solld Wire - 5” Long nowy asic | 
ш Uuo M Саң P «D itl X 90 tubi We 87 Yen JMi-221 ОРОТ omo 5190 vem иж» 
Im м C3039 125 SAMP @ 14 Voli - t AMP & à. - JMT-223 DPDi on/nenr/on 51.75 EM UL 2 
сорти = yan Mt 2108-1 Pus Fun Or 59 49 JMI-:21 SPOT опойоп $150 255 н үч 1 
гїн б 5 ШЇ ioninazy Opee $9 а б : ) nan 
ән 58 CRX — 025 Li emis 9» а EE ЈМТ-123 SPDT on/none/on $1.25 E лаза 
їйїм 100 Саз a^ 
LMMOK-1? LM7305 1” ре 24 rj 
LOH Ys wu) — 35 (Ст 290 РЕС CLIPLITE 8/51.45 DIP SWITCHES бит 
LMHOK нв ALME NEC эы {єс a LED MOUNTING SYSTEM SPST 5006 Action A 
ЕГА Мм ма 30 CDS 5 ы 5206-2 | 8 pw dau 1 эйс» иза $175 Фа 
WAT fi aan i^ сч Д- n use wilh XC558 LEDS НОЛЕ. 7 1%1 wen dip] 7 swch шей $145 өз CAPACITOR “ТҮЗ 
AL отч » peri T Soecfy Come, — Fen eer Arter eon PIDE 110 pes dg] 8 aweh nnd $2.25 on m wane T- 
ПЕ Lista » САМ22 205 f " f 
f 
Unam |^ wan п ow» їн [| SOPCS.RESISTOR ASSORTMENTS $1.75 PEAASST. | s s no no me о po o 
УА ови 140 bami i} ООЛО Ж ds Оны 22 Оца 47 р B и @ Mp n У 0% 
(мн ИЛЕ [3 ncs 595 ASST. 1 Sua мм 7) 0н Rim 7 DMM ем Wa WATI AS. — SHPCS 00 pi № м 43 Фф € фа ш 
муин зт 295 5 PIT zm meh DOCA тб T4 " A -» A 4 > r 
" 41500 I T LSIN Т. ASST. 2 Sen O0 JM Dea! coo она Otua b ca A WATI SM. АО PDS и 100 VOLT MYLAN пм САРАСТОВЗ 
X L гизи 5% A anta 1 ганга пай (мша ато {вел 1h unm 12 10 or с?ті n n ж 
s | e m лала smog o1 ::202 $127 
Ane e ps ү" aR po 2 0 02 2ш n om а 
ASST. 4 5m ез „ . „ T МА WATT 34 50 PCS 208 PFEG TANTALUMS (000) capacırons. 
n " e 19 m vasv 28 23 т 1% Ж » 
ASST 5 tn " " m m n» LA WATE S" 50 PES лу 28 230 17 1221 м 2 12 


sv ^a 2 т 3 325% aM 7 22 


ы» n ч» "> 


КҮ 35V 20 2 Ww AIN » 24 ^ 


ASST. G Sm 100 in T Е DI Wa WATT S-. 50 PCS. m s " 5 ®28ү ^ü n E 
AF M > О oy m D о m 9 б 
"t ' И "t 5 т, 147 UE D 
ASST. з YPM ам iay ИШ » sw Và WATT э MPCS, MIMIKTUDE ALUNINUM ELECTAOLYTIC CAPACITORS 
ASST. BR Includes Resistor Assortments 1-7 (350 PCS.) $10.95 еа. Gus rra mum 
LM 2 5 
55.00 Minimum Order — U.S. Funds Only Spec Sheris - 25 — Send ISe Stamp for 1977A Catalog UPSy 1% 1 n IA AR м it 
Callfornts Resldents — Add 6% Tat a Dlsctunt Available Pricing А Cera = iR T € = x а 
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эе 16 ч "n мү 5 14 10 


К. EE SE ш. Е. a NIU 
mm s 
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Circle 15 on inquiry card. 


computer display terminal 


This display terminal has an integral controller, B/W cathode ray tube and keyboard. The system has a serial 1/0 interface 
for communication and an 1/O interface for a printer 


DISPLAY (P/N 4802-1095-501) FEATURES: 

€ 17" BAW CRT 

$41 lines of data 

€ 52 characters per line 

€ Characters are generated by a diode matrix "graphic" 
technique 

® 21 special push-buttons wired for a program call up 

€ Brightness Contro! 

9 Self-contained power supply 


KEYBOARD (P/N 4802-1115-501) FEATURES: 
* Reed switch technology 

€ 54 data keys 

€ 28 special keys detachable with cable 


$180.00 


LOGIC UNIT (P/N 4802-1157-502) FEATURES: Extarhsd logia & powedssabi Sut бнт, “А S IS y 
© 1024 by 6 bit core memory 
€ Printer [/O interface 


ме ғ 4 way cursor control, graphics display. 
€ Communication 1/0 interface у згар play 


The story: These are unused terminals made for airport 
ticketing & seat assignment. After several years of 
storage they require tinkering to make operable. We have 
some hints printed such as cleaning PC fingers. One of 
WEIGHT: 210 Ibs. {including logic unit, keyboard, our customers has this tied into his KIM-1, another has 
display and cables.) his running with his IMSAI. We have data on this. 
Should be useable on most common computers. A hell 
of a deal and all for a paltry $180.00. Don't be left out 


FOB LYNN MASS (you pay shipping) as many were on our past VIATRON deal. Sold “as is” 
Check with order please. all sales final. 


WITH COMPLETE DOCUMENTATION 


POWER: 115V, 50/60 Hz, 500 Watts 


SPECTRA FLAT TWIST 

50 conductor, 28 gauge, 7 strands/ 
conductor made by Spectra. Two con- 
ductors are paired & twisted and the flat 
ribbon made up of 25 pairs to give total 
of 50 conductor. May be peeled off in 
pairs if desired. Made twisted to cut down 
on "cross talk.” Ideal for sandwiching PC 
boards allowing flexibility and working 
on both sides of the boards. Cost orig- 
inally $13.00/ft 

SP-324-A $1.00/ft. 10 f1/$9.00 


SP-234-A $1.00 ft 50 cond. 10 ft/$9.00 
SP-234-B .90 ft 32 сопа. 10 ft/$8.00 
In tall TO-5 can TINY ) Precision 16 pin DIP network as shown. 


Each resistor 1K. For pull-up/pull-down 
DPDT, 24 volts. Brand new. SWITCH ; 
cost $16.00 each TELEDYNE interface networks. Value over $1.00 


each; New, CTS or Beckman 
SP-134 $3.00 each 2/$5.00 SP-320 pack of 6 $1.00 


WIRE WRAP WIRE 
TEFZEL blue #30 Reg. price 
$13.28/100 ft. Our price 100 ft $2.00; 
500 ft $7.50. 


MULTI COLORED SPECTRA WIRE 


Footage 10' 50' 100' 
8 Cond. #24 $2.50 9.00 15.00 
tz «€ 22 3.60 11.00 18.00 
14 ^" 22 3.50 13.00 21.00 
29 ” 22 7.50 28.00 45.00 
Great savings as these are about 1/4 
book prices, All fresh & new. 


/ Please add shipping cast on above. Minimum order $10 
э С FREE CATALOG 5Р-9 NOW READY 
a #7 Р.О. Box 62, E. Lynn, Massachusetts 01904 


Cirele 18 on inquiry card. 174 


KITS BY ($) cheron Kits 


AKx8 Static Memories 

M6-1 MK-B board, 1 usec 2102 or eq. PC Board $22 
(Not fot S-100 Buss} 

MB-4 Improved MB-2 designed Гог 8K "piggy-back" 
without cutting traces. PC Board $30 
Kil 4K 5 usec „$129.95 Kit BK 5 usec....$199 


by WALCON 


(AVAILABLE MID-MAY) 


MM-1 8Kx8 Aam Board First fully buffered 8K ram 
board. Addresses and dala are fully bullerea Low 
power fams used Prolectis resel with a single swilch 
Documentation is available (or 55 which is relunded at 
lime ol purchase of board or kit 


many 


The Proko Paper Tape Reader 

A lully TTL buffered optical tape reader lor teading 8-level 
paper tape. It's compatible with nearly all parallel input 
ports and has bolh positive and negative strobe outputs 


à MM-1 KI . 5. 5 : 2 $245 The power (+5V (9 20ma) is derived trom your 1/0 
MB-3 1702A's Eroms, Altair 8800 & Imsa 8080 compat- Assembled x оф 7 board., Just 24 4 source (study lamp), tut the 
ible switched address & wail cycles. 2K may be ex- PC Board only ., DEC Meant or 30 lape and pull! 
panded Io 4K. Kil less Proms... $65 2K Кп. $105 PTR-II Kit $54.00 Assembied $58.00 
AK Кїї. $145 ж 2102AL-4 FULL SPEED MEMORY (500ns) * 
MB-6 PC Board see e sa se TEE $35 * Nearly '^ less power consumption of evens * 
MB-6A 8Kx8 Switched address and wait assignments 21L02A PRIME FROM NEC 
Memory protection is switchable for 256, 512, 1K, 2K, 4K * $2.00 EACH 32 FOR $1.80 EACH * 
and 8K. 91L02A .5 usec rams. Altair 88005 Imsai compat- 64 - $1.70 128 FOR $1.60 EACH 
ible. With battery power option 
Kit....$250 Assembled & tested ....,........5290 
VO Boarda 7400 16 7470 45 74161 100 
VO-2 |/O lor 8800, 2 ports, committed pads for З more, ?401 16 7472 40 74162 1.50 
other pads for EROMS UART, elc 7402 21 7473 35 74163 100 
Ki....$55 PC Board only .. 525 7403 16 7474 35 74164 110 
64 x 16 VIDEO BOARD Altai: plug compatible display TM > ч m 50 74165 110 | | Now, add mass storage to your micro with (he North Star 
32 x 16 or 64 x 16 swilch selectable. Composite and 7 Ms 24 7480 50 Led p 1.25 floppy disk system. Comes with cables, 5-100 controller 
parallel video ports, upper and lower case with 06 20 7483 70 4170 2.10 with bootstrap rom, and powerful extended basic. (Basic 
sotlware 7407 29 74173 150 supports sequential and random access disk files.) 
7408 25 7485 30 74174 195 
Kit E Сти $179.95 4 7486 40 7 North Star Disk Kit 
PC Board re $35 are тә Tug 20 л go | | IMSAI 8060 Kit with 22 аіоба..........-.-..--. 
SP-1 Synthesizer Board Computer controlled wave 7411 30 7490 “45 74177 20 
forms 9 oclaves 1vrms %2% distortion includes high 7413 45 7491 75 74179 90 
level music langauge Kit м ТЕГЕП $250 7414 70 7492 50 74180 90 
Altair Compatible mother board. Room for 15 connec- 7416 35 7493 50 74181 2.50 
lors 11" x 112" (w/o connectors) » ». $45 7417 35 7494 ao 74182 95 
With 15 connectors , . e -as . "o ve $105 7420 20 7495 75 74184 1.95 
Апа! Extender Board (w/o connectors) .$9.00 7423 37 74% 90 74185 220 ъ =: 
With wiw connectar $13.50 7425 30 a 1 so 74190 115 cism 2-80 CPU Kit 
100 Pin spec WW or Soldertail both fil Imsai or SSM —— 2 ng = bud ! ^j n a ш For S-100 Buss 
Mother Board $5.00 each 10/$44 eoo 00 
730 25 azn 40 74893 о | | EPPO REET” $149 
окуно and te fit "шю ut ® юм m me v e 
о ig se x li 74127 ? 
AY5-1013 UART 695 3 E ain s ach 1 m SPECIAL DEAL No. 2 
Mis ates ЖО, upper or lower case M. e 7440 15 74126 60 74197 90 IMSAI 8080 with 22-SLOT MB 
i 7413; 1 
8212 prime latch bulfer 10 НОННА UPGRADED WITH 2-80 CPU $750% 
8224 prime clock gen 74145 115 4. 
8228 prime sys controller kb 14 & ace fe Wm Se POWER TRANSFORMER 
7445 — 75 — 748 200 72284 495 FOR ALTAIR™ TYPE BUSS 
82808 200 825126 350  74C200 550 7446 80 74150 100 — 74285 495 4. Designed to deliver +18VDC @ 2A and 
82507 200 825129 350 8573 4.50 7447 70 74151 B0 74365 90 5VDC @ 22A with proper bridges and lil- 
82511 200 825130 395 8574 550 7448 80 74153 90 74367 75 tering. 
82512 200 825131 395 8575 450 7450 25 74154 100 74358 90 2959 each 
82817 200 745206 210 8576 450 I 25 н : e — ri 
2 y 
ere cet Meum A ae aan 7454 20 74157 100 95H90 995 NEW FROM IMSAI 
н. cea РЫ 32K RAM CARDS 
| MM5309 800 25018 $125 1101 40 741500 40 7410 ра MOR Ж for S-100 Buss 
! MM5312 4.00 2503V 200 1103 125 741501 50 ‘ D 
| MM5313 400 2504V 200 2101 450 741502 40 7402 25 74186 75| Full Speed — Low, Low Power 
| MM5320 4.95 2505KN 200 2112 450 74LS03 40 74103 25 ТАЗ 350! $72500 
| MM5554 1.90 2507V 1.25 2602 +60 741504 45 74104 30 74090 150, 
| ММ5556 250 2509A 200 4002-1 750 741505 45 An 5 DR 2 
MM5055 1,90 2510A 2.00 4002-2 750 741510 40 E 
| DMBB36 60 2511A 2.80 MM5262 100 74LS11 50 74L08 40 7495 170 D mii ec 
| DMBB37 150 2517V 1.25 7489 200 74.512 55 74109 40 7498 280 "FW 
| 80C95 110 25188 150 74200 495 741520 40 74L10 30 74123 150 
! BOC97 100 25198 280 74589 350 741522 a5 74120 35 74154 200 Bimboarda 
| 80197 1,50 2521V 150 74С89 3.50 741527 45 74126 40 744164 250 for Prokotyping ae 
( 81122 150 2522V 200 74189 350 741530 40 74130 40 744165 2.50 $1350 h Male $3 
| 81L23 190 2525V 2.80 8Т80 250 741942 150 74132 45 741192 125 ee Female $4% 
! BLS 250 2527V 2.80 8197 200 741555 40 74L42 1.50 74L193 120 4 for $44 Pair $650 
| B5Ls2 250  2528V 280 INTEL 741573 65 74151 35 МС4044 2,25 
| 85163 1.25 2529V 280 8216 495 741574 65 74.54 45 N8263 350 oko 
| 86170 1.50 25328 280 814 630 741576 65 74155 35 N8826 2.50 pr 
! 86175 190 2533V 280 B251 1450 74.5151 155 75071 30 DM8131 2.50 ronic. 
| 86199 350 9ILOPAPC 255 8255 14.50 7415174 220 74173 55 8116 2.00 
‹ 86112 B0  32ea 240 1488 150 74{5175 195 74L74 55 BT20 2.00 
[9o 250 64ea 225 1489 150 7415192 285 74075 120 80 200 439 marsh street 


san luis obispo, california 93401 
805/544/5441 


Delivery. Stock to 45 days (rom receipt of arger We pay all UPS 
shipping on U.S orders. Check of money arder accepted No P O.s 
excep! by above terms California residents add 6% tax Prices 
subject to change withoul notice 


For large orders please send money order or cashier's 
check to avoid delays in wailing fr checks to clear 
Check or money order only, California residents add 6% 
tax. All ordars posipaid in О S. All devices tested prior to 
sale. Money back 30 day guarantee. Sorry we cannot 
accept returned ICs that have been soldered to. $10 
minimum order, Prices subject to change without notice 


MIKOS 


419 Portofino Drive 
San Carlos, California 94070 


Plaase send for xistor, IC and kit ilat 


Circle 57 on inquiry card. 


New Component Values Surplus Bargains 


PRIME, NEW 2708 1K x8 EPROM — $ 47.95 
PRIME, NEW 2716 2K x8 EPROM — $77.95 


ziLOG 2-80 Ф 47.95 


911.02С% , 300ns low-power - $ 1.89 


POWER 
SUPPLY | 


PROTOTYPE BOARDS 


Surpius power supply {made by Milwaukee Electronics) removed 
from used Mohawk Data equipment, excellent condition... ‘Sorry 


we can't give full details at press time, but we're sure that it will 
supply all the +5 you'll ever need as well as other voltages. “Has all 
the good things — such as over-voltage protection. We hope to have 
schematics to ship with these units. Limited supply. A REAL 
VALUE! Order as — 


42-5005 Power Supply ................ $24.95 


Prototype boards for the S-100 bus are available from many others 
—but only MINI MICRO MART supplies four different types. Two 
are wire-wrap versions and two are general-purpose DIP, for either 
ww or point-to-paint wiring. А! boards come with a SV regulator 
and a heat sink. The two ''bus'" versions are unique and have cir- | 
cuitry etched on for buffering and address decoding, and inciude 


the decoders and necessary tri-state buffers. (Illustrated above is ) m NU < i $ 
the general-purpose DiP version, MODEL 01-2115.) Nc 
` TELETYPES 
01-2115 General-purpose DIP Prototype Board $ 18.95 
d MINI MICRO MART has one of the largest selections of used, 
01-2116 Wire-wrap Prototype Board ....... $19.95 reconditioned, and rebuilt Teletypes in the U.S. — 
01-2136 Gen.-purpose DIP Bus Interface Ва... $ 29.95 RO-33's (printer only}............. $395 to $595 
01-2112 Wire-wrap Bus Interface Board ..... $30.95 KSR-33's (keyboard & printer). ....... $495 to $695 
ASR-33's (prntr.,keybd.,reader & punch) . $695 to $895 
Model 35 RO's, KSR'sand ASR’s also available. 


AUDIO CASSETTE INTERFACE 


SURPLUS PERIPHERALS 


We have a tremendous inventory of used and like-new computer 
peripherals which we have rescued from large computer systerns, 
Among them are: Delta video terminals, Hazeltine 1000 video 
terminals, Univac 30 CPS serial printers, Singer 30 CPS serial 
printers, 9-track digital reel-to-reel recorders, used commercial 
minicomputers and intelligent terminals. 


Also available are a wide variety of transformers, power-supply Kits, 
and surplus power supplies, 


Send stamped, self-addressed envelope for details on any 
advertised items or for a copy of our catalog. 


Add $2 for handling, shipping & insurance for each item 
ordered. 


This simple board can be used with any minicomputer or TV term- 


inal that uses a VART with a 16X baud-rate clock. Designed for the ё (7 è 
St. Lovis BYTE standard, it also provides for a tone/no-tone and a 
HITS interface. Available in kit form, order as — Cro 


51-2166 Audio Cassette Interface ......... $24.95 1618 James Street, Syracuse, N.Y. 13203, Phone: (315) 422-4467 
Cirele 279 on inquiry card. 


S. D. SALES co. P.O. BOX 28810 - () DALLAS, TEXAS 75228 


THE HOTTEST SELLING KIT WE EVER PRODUCED! 
You requested it! Our first D.C, operated clock kit. Professionally 
engineered from scratch. Not a makeshift kluge as sold by others. 


JUMBO LED CAR CLOCK 


Alarm Option — $1.50 
AC XFMR — $1.50 


THIS MONTH'S SPECIALS 
AMD — 8080A $14.95 
49.95 
2.50 


2-80 CPU 
825129 1K PROM 


60 HZ CRYSTAL TIME BASE 
S.D. SALES EXCLUSIVE! 


$5.95 ea. 2181000 
KIT FEATURES: 


Features: 
A. Bowmar Jumbo —.5 inch LED array. pork, 
B. MOSTEK — 50250 — Super Clock Chip. SE EPCANNO 
C. On board precision crystal time base. 000 А МЕРУ Gh 
D. 12 or 24 Hr. Real Time Format. c COS RON 
Т et 
E. Perfect for cars, boats, vans, etc. 
F. P.C. Board and all parts (less case) included. 


17024 2K EPROM 
We tell it like it (5. We could have salg 
thase Were factory new, but here is the 
straight scoop. We Donant а joad of 
hat 


2110 


UP YOUR COMPUTERI 


2-1 1K LOW POWER 500 NS 


STATIC RAM Time is of the essenca! 


new computer gear contained And so is power. Not only are our 
a quantity of 1702 A's in sockets. We RAM's Taster than a speeding bullet 
carefully removed the parts, verified but they ara pow very |ow power. 
their quality, and are offering them We are pleased to offer prime new 
on one heck of a deal, First come 21L02—1 low power and super fast 
first served. Satisfaction guaranteed RAM's, Allows you to STRETCH 


U,V. Eraseable. NEW PRICE! $2.95 ea. 


(2.3 US access time} same ti 


S.D. SALES 


your power supply farther and at the 


me keep the wait llght off. 


8 for $12.95 
EXCLUSIVE 


A. GOHZ output with accuracy comparable to a digi- 
tal watch. 


$12.95 моѕє DIGIT UP-DOWN COUNTER $12.95 
40 PIN DIP, Everything you ever wanted In a counter chip, 


А 5 А i Features: Direct LED segment drive, single power si ! 
B. Directly interfaces with atl MOS clock chips. A VDC TYPE.) six EIU БЕ Oae GAER 
C. Super low power consumption (1.5 typ.} separate pre-loadable compare register with compare out- 
D. Uses latest MOS 17 stage divider IC. ape capes Ho segment ср Irt onnal а EX 
E. Eliminates forever the nroblem of AC line glitches. i n | compatible, leading zero blanking. 1 . coun 
v І 
Е ТА а ie erin, [re f mm T e ше уап РР Rs nput frequency. Very limited quantity! WITH DATS SHEET 
Small size; сап бв used | 140856985 7911-28с 7121-19: 74255826..701821756 
б. Small size: сап be use їп existing enclosures. t —5üc 7453—19c & -1.00 
Kit includes Crystal, Driver IC, PC board, plus all necessary о обавезе шз Улда с Leere 
parts and specs. At last count — aver 20,000 sold! 40i—iS8c  7430—19c 74L574-59c 7495—75c  74164-1.10 
741 04—29с 7432—34с 7475—69c 7496—89 74165-1.10 
74250429. 7438—39c 2420—49:  JA19305: 74181250 
i i -49¢ —39c 7480—49с -65¢ -2. 
eee ale иа 7405—29c 7440—19: 7483—95c 74132.) 70 74101-1.25 
Filter Caps sortmen т408—19с  7447—B5c 7485—95с  745138-1.95 74192-1.25 
ipie ge Airs nur bast palar 1410 lE Wee Me uUo 7T4141-75c  74183-1.00 
ncludes mini- TEGRATE — 
with PC leads | ature and stan- RESISTOR _24195—69с 
Most popular dard sizes; sin- ASSORTMENT Disc Cap 
value for hobby- | gle and rnulti- | ауу 5% & 10% Assortment 
ists. Compare at position units. PC leads. А good Р.С. LEAD PC leads. At 
Up to $1.19 ea. | АЙ new, first | mix of values. DIODES HEAVY DUTY least 10 different 
from franchise name brand. Try 200/$2 1N4148/1N514 Full Wava Bridga values. Includes 
type  elgctronic one package and 100/$2.00 25 AMP 50 Biv 1, Enn 
parts stores, S.D. you'll reorder 1М4002-1А. $1.25 pius other stan- 
Specjal 2/81. more! Special Што! 100 PIV 40/1. V dard values, 
12/$1.00 60/$1.00 Tr) 


SIX DIGIT ALARM CLOCK KIT 
We made a fantastic kit even better. шш to take advantage of the 
latest advances in [.C. clock technology. Features: Litronix Dual 7" 
displays, Mostek 50250 super clock chip, single |.C. segment driver, SCR 


$9.95 кт 


P.C. Board — 3,00 
AC XFMR — 1.50 


Do not confuse with Non-Alarm digit drivers. Greatly simplified construction. More reliable and easier to 
build. Kit includes all necessary parts (except case). P.C.B. or XFMR 
optional. 


kits sold by our competition! 
Eliminate the hassle — 


т NEW! WITH JUMBO LED READOUTS! 


COMPUTER POWER SUPPLY 


Motarola SCR A very fortunate purchase. Опе of the best industrial quality REG- 
914143. В AMP 400 РІМ, 515 95 ULATED supplies we have seen, High performance, small size. 
Be CERE з, м Input ig 120 VAC 60 HZ. Has the following regulated outputs: 


-5VDCes00MA; —15VDC @ 1.25 АМР; —25VDC @ 180 MA. 
Sold at a fraction of original cost. Do yourself a favor and order 
NOW, We expect a quick sellout. 


FAIRCHILD - TBA 641 
4W. Audio power Amp. Just 
out! !n spaclal heat sink 


DIP. One super audio 1С, AMD — 1702A 
Ae дырт Factory Prime Units. Brand New. 
2 FND-359 -Led Readout |. 1.5 micra-seconds access time. 
Fin, étteciencv. Has FNO- $4.95 each. HUGE FACTORY DIRECT PURCHASE! 
- 79 


Special Thanks to: 
Dennis, Fred, Aba, Bill, Sarn, 
Hal, Tom, Alex, Jahn, Ely, 
and Larry 


S.D. SALES CO. 


Р.О. Box 28810 © 
Dallas, Texas 75228 


OUR CATALOG 
is chocked full af rare parts 
hargains, deals, RAM or CPU 
kits, plus much more. Yours 
FREE! 


PRICES SHOWN SUBJECT 
TO CHANGE WITHOUT 
NOTICE. 


Call your Bankamaricard or 
Master Charge order in on our 
continental United States 
toll fres Watts: 


1—800—527-3460 


Texas Residents Call Collect: 


214/271-0022 


Terms: Money back guarantee. 
No COD. Texas residents add 
5% sales tax. Add 5% of order 
for postage & handling. Or- 
ders under STO. add 75c. 
Foreign orders: US funds 
only! 


ORDERS OVER $15.00 — CHOOSE $7.00 FREE MERCHANDISE 


Circle 27 on inquiry card, 


NEW COMPUTER INTERFACE BOARD KIT 


constantly connecting and disconnecting your 
terminals. 

Example: Out store to printer — Voltage 
requirement + 5V and + 5V ог + 12 V depend- 
ing on your RS 232 device. 

We supply — board, connectors, documen- 
tation and components. Sorry, we do not supply 
case ог power supply. 


Our new computer kit allows you to interface 
serial TTL to RS 232 and RS 232 to TTL. There 
are four of these supplied with the kit, so you 
can run up to four devices on one TTL or four 
separate TTL to RS 232 devices. 

Typical use: You can use your computer 
ports to run an RS 232 printer, video terminal 
and two other RS 232 devices at once, without 


$49% 


GENERAL PURPOSE COMPUTER POWER SUPPLY KIT 


This power supply kit features a high frequency torroid transformer with switching $7900 


transistors in order to save space and weight. 115V 60 cycle primary. The outputs 
F8 EVALUATION BOARD KIT 


with local regulators are 5V to 10A, іп one amp increments, — 5V at 1A, + 12V at ТА 
regulators supplied 6 340T-5 supplied. 
UNIVERSAL 4K 
74^? WITH EXPANSION CAPABILITIES 
MEMORY BOARD KIT ; i 
: з . A fantastic bargain for only 
This memory board kit can be used with with the following features: 00 
most microcomputers. Some of the outstanding * 20 ma or RS 232 interface 
features are: — s ; * 64K addressing range 
32-2102-1 static RAM's, 16 address lines, * Program control timers 64 Byte register 
s Built-in priority interrupts 
Documentation 
Uses Fairbug PSU 


8 data lines in, 8 data lines out, all buffered. On- 1K of on-board static 
FOR FAIRBUG 4K F8 BASIC ON PAPER TAPE $25°° 


board decoding for any 4 of 64 pages, standard memory 

44 pin, .156” buss. Built in clock generator 
PRINTED CIRCUIT BOARD 
j Hp E Inox 


7706 Bk гном 

35022 STATU SUPT REG 

15143 CHAHACTER GEM 

2518 MEM 17 BI T SR 

91672 1 1074 ЯТ RAM 35 

BIKOAK DYNAMIC HAM m 7 
S7074 Liv PHOM 

435203 Uy PAROM 

ТАРА Uv PROM 

5204 AK PRO 


TANTULUM CAPACITORS Full Wave Bridges 


TUF 35V WS} OU GAWI 25V 25109) 
ЧАРЕ Joy 95100 ОЗЕ :5V 
Bout TOY SSi vy JUUfF бу 
Ma 25м 5$100 fiur зү 
?400$ 0042.51 Q0 — JF 20V 
ЈЕ зом *'5100  'QQUI- soy 
A.TUFr 00у 5081.00 509г (5v 
МАЮ? ALANA CLOCK ГИТ 


YN 3821 CET 

28 5457 SN TET 

2N264G 

BG (UO TRIGGER DIODES 


Si 1019 G 1G WATTS 
Sı 1020 G 20 WATTS 
5i (050 G 50 WATTS 


РАСТЕ 


AYA51013UART — 

SHNIATUHE MULTI TURN TRIM POTS 
100. 500, 7K, SK, 10K. 25K, 50K, LOOK 200K 
Meg $75 nach 1/5200} 
mUCTTTE TE THAT POTS Sams 10 Bowers 
WIN siye YI Aet 14" 50 100, 

1%, НК, SDE De. Sróoeo — 35400 
LIGHT ACTIVATED SCITX ^ UN 
10 18, 200v 1A $115 


TRANSISTOR SPECIALS 
293585 NIM 5. TO-56 
2983272 NPN S TO 3 
INASGA INE GE 
PNA "NI 5s 03 
NOHE SPN S, TO 3 Гоа ммс 
7N5086G Pur 3: 10 02 
INABIY PHP TOGE , 
2N404 PN GE TO-5 
73919 NIN bi IO 3 RI 
AISA T3 NIN S TO 2 
20/1767 N'N Se TO бб 
12222 MPA S ТОЛА 
2N3055 Nh 3, TO 3 
JN3904 NPN Si TO 97 
?N3906 Pr 51 TO-92 
7N5796 NIN S, 10-220 
2h10!) PNP 5; TO 270 
2.3638 PNI & TO S 
"N6$I мех TOS? Si eon 

CIMOS (DIODE CLAMPED) 
юса? ў; 4015 
macto ?? 4016- 
малат Т мр — 4613 
арп, 22 айла 
4002- 23 4016 
4006 А, 4020 
4007 ? 1022 
4009 #023 
4010 4024 
4011- 

42012 
anid 


woe x 


an 


vu 


Blum id hv M ATE saa in 


or 


LED READOUTS 
5 55 MAN? 3" CA 
51.05 NS 33-3 dig. wroy 
51.06 DL 747 C A 

HP 7240 3^" CC — $125 


res 359 c c 


Haec FOB Оер, Mass. 
Order. 


include ie Postage Minimum ` 


Order $5.00, COD'S $20.06 


>м 6038 PROG UN 

м PIN GIP SOCKETS 

14 PIN DIP SOCKETS 

1G PIN nie SOCKETS 

IR PIN Li SOCKETS 

24 PIN DIP SOCKETS 

28 PIN OIP SOCKETS 

"IO Pitt ТИР SOCKETS 
VERIPAX PC uen x 

Vhis Horvat) is o VET sri ans 

мм). AU 36 7" DRILL n 

what Hi voll Iob up do 21 эту» 14 ті it's 

аһ B, 1D, w LSI DIP 7» with bees fae 

нума» woppily corecun o, $a: 

му 5601 VRLLOWANEER, 

HIPOLAH LED 
суе та piro TRANS 
RED, YEI LOW OR (GREEN 
LAAGE LED's + 
IL 5 {MET ор E ‚- 
MOLEX MINS 


PA 09 ijo TA «л AMI ө, 


Id WATT ZENERS 3.4.4 ?. 36, B 2, 
12,15,18,27,100,150 o: 700% «à 5 60 
! WATT ZENERS 4.7, 5 6, 
IB o: 22V m. S 75 
мс6860 MODEM єнї 89 95 


SILICON SOLAR CELLS 
27 diameter 
4N а 500 ma $4 00 /.2V at 2DO mils 52.00 
чан: 


$ 50 

320-5 » |53 57.40 
1207.5,12,+5 

or 244 81,25 


15,18 àr 24V51, 10 
78 MGS $135 
79 MGS 51.25 


тийе 


RS232 
CONNECTORS (тпл 


CALINAL MOS DEVICES 
MMS? 225 


Mrz 
AMET 40751 
7ÀM AOA 
мї 
MMSO16 
MMA? 
MMbn55 


! » Misosa 
1ч МАЛО 
эм) ммэ! 
250 AIAIS5S5 


2m мма + 


27» ммвз\0 


MMSE 2.36 


SINUI C 
STRANU 


AT al 
aa 100 $1 arn 


TL e SERIES 
74151 
14183 
54 
7415% 
алы, 
14:6: 
4416; 
HIGA 


ља? 
НЫЗ DIP swiTCHES 
CTS 2 p SPST wwe 
in w аа pachi SI oth 
CVS AM [uie SPST vehe im a B) 
gen. DP. jonch inp 


DY ИА ТТТ rely neon 


«wn. JIO ONN coni o3 


MTh 206 eer 


SOLID STATE SALES 


P.O. BOX 748 


SOMERVILLE, MASS. 02143 TEL. (617) 547-4005 


Circle 58 on inquiry card. 


CPU DH ONLANN 256 41 ET SELT 
SCANNING CHARGEN COUPLED _ 
DEVICL ED 
LED га! 100 « 100 CHAGE 
COUPLED DEVICE 394 uu 

Sum Pie For in 

Танит ога amit 

145 Hanslure Si 


74L8 SERIES LINEAR CIRCUITS 
M 101 


и " 
CM 301/748 at 


ыы ые 


i 


=ым ыы; 
vESSBRREEUUSSSSSSÉSS 


- 
ring 


74,8155 - 
7415167 
71.5160 
7415162 
74L5103 
7415175 
74,8103 
7415268 
71.5367 
741.5368. - 


154 64 354 
40 ып p 
60 migi 

100 12027! 

150 30 


WE SHIP OVER 95% 
OF OUR ORDERS THE 
DAY WE RECEIVE THEM 


MCMGS71A is an B192-Bit Horixontal-Senan (Row melect) 
character gonerator with shifted characters. It 
сонсаїпв 12A characters in a 7X9 matrix, snd has the 
capability of shifting certain characters Chat norm- 
ally extend below cho baseline, such as },у,ц,р and 
q. A 7-blt address code is used to select one of 
the characters, 
Features: 

„Statie operation 


РШ 
Says 


Be sure to get the lotest aditlon of 
the TRI-TEK flyer, Packed with 
good news on the latest camponants 


DIP PLUGS AND COVERS 
Use for mounting diodes, resistors, jumpen, etc. 
Gold plated ports for long waor, 


PLUGS COVERS сой -TTL compatability 
1-24 75-49 50-99 1-24 25-99 .CMOS compatability (5V) 
B pin К „3° -42 .10 .0® .Shifted character compatadl lity 
14 pin .48 ,40 .34 10 ,09 „Includes Greek alphabet 
14 pin .56 „47 38 „10 .09 «Maxioum access time +5005 
24 pin ‚79 E 5 .45 15 13 {See article in March '77 issue of 73 Mnagexine For 
40 pin 51.23 $1.08 .93 ‚25 .22 applications tneluding TV-Compucer Ioterfacu) 
MUM6571A,,.... ——— Tm veces eoo csoos $9.95 
EE Spic: cocos querit Ay заве жей үйө st ъ= ть +- $1.00 
gu 


MM5320. TV SYNC GENERATOR I, C, 

Generate all the sync pulses necessary for comera or video 
terminol. Use with MCM65714 in Ihe T¥+Computer inter- 
face, MMS320M, ceri ese eere сан 908.80 


C30-] 400V, 25A Stud $СК...........,....... 
Cast 50QVy, 10А Stud Тоос, ciii ees ` 
insuloted Stud 400V, ТОА TRIAC osembly with butlt-In 

dioc, TRÍ-133,....4 o eo osa rhon no s.. 51.85 


TRHGYC SA VARIABLE REGULATOR 
NOW- 3t laet, a high current adjustable regulator. 
Same simple circuitry ns the popula: 78GKD. Needs 
only two external rosintors to program to any vnlt- 
mue between +5 and 30y Ф 5A putput. 

Lr rl —— PM 


DIP PLUG INTERCONNECTS 

ideal for use from boord to board, remote awilches, in fost 
equipment, lamp panels, etc. Made from gold plated 
connectors, calor coded ribbon cable, molded plugs. 

Very Flexible and durable. 


TIP-30 40V, 1 amp PHP Plastic... esee ere 
ТІР-33 40V, IOAmp NPN Plastic. iilii ens $1.00 


LMIBIS5 ADAPTIVE SEMSE AMP CHIP. 
Used with motor control to adopt Io varioble input and noise 


To order, make sp port number from choracteristic and find Spet cene nene levals. Applications include zero crossing switch, motor 
price in chori. For instanca: S-14P-18 is single ended }4 pin control, tochometers, motor tasting. 
Intarconneet 18 inches in length, Price is 51,72, D-24P-06 LMIBISN,...... nM s24ta3EbaReReAS ceyra caai P 


is double ended 24 pin, & inches in length. Price is $4.55. 
Quantity pricing is available. 


NEW BOOK 


NEW OOK FROM NATIONAL 
MOS 151. Giant dota book filled with spac ond apps 


BOs cree reds ben ni been adhe bdnehpel nds} gene Meg 


145393 200V, 1,5A Diode, Sturdy replacement for 
1N4003 ағ о good savings. "РҮ ҮКҮ. ld 


PRICE CHARTS SINGLE END 


No Qf Pin Length on large scole. MOS circuils from National Semiconductor 
ён 12" 18" 24" а 4g" Corporation Price includes shipping in U.S. only... $4,25 DATA BOOKS BY G.E. 


JAP зб, 1.51] 1,62 1,72 1.83 2.05 2.26 Outside U.S., add postage (ог 21 Opto£lectronics Manual, Filled with spac ond applications 
16P -:** 1,64 1.76 1.87 1,99 2,2] 2:4 ona wide voriery of Opto devices including many new iso- 
24Р «2 2,49 2,69 2.88 3.08 3.48 3.87 letors and couplers. С.Е, Opto Manual... ..,... 54.25 
VENIO BOM ЕЕ D saa” ade uidi Semi conductor Dato Book, A giant book of data, «ross 
16Р *4 3.01 3.13 3.24 3,36. 3.58 3.8) references, applications on G.E. davices from transistors 
QAP eI 4155 4.75 4.94 5.1 5,54 5,93 and diodes ta SCRs, Trioes ond power modules, Over 


1400 BIG pages, Neorly 5 ibs of bank 111 
G.E, Semi Conductor Dato ВооК..........‚....511,95 
Foreign orders add postage for 5 ths (2,3KG) 


Power Transistor Users Handbook. Far anyone using рочот 
tronsistors and you wont to know how 15 mount on heat 
sink, derate or just generally apply tham right, this is the 
book. G,E. Power Transistor Users Book......-. 53,95 


КИИНИН 


1/2 Size,....(Hondy shire pockot slze).,....53.25 
Computer Flow Chart Symbols... казав ьа 04.50 


Fost Slgnal Diode 

115V VR 100тА IF. Reverse recovery lime Їз less than 
20 n5 of 100mA forward! & pl cop, Some size оз 
114914, 18/4148, D600, ME 20/81 


"COOK BOOKS" 
The famous Howard Sams " Cook Book" series tells you what 
und how їл о broad range of subjacts. Probably the most 
widely referenced works in their fields. 

Prices quoted include shipping (0.5, only) 

TTL Cookbook. .... ss seras 2 родек.......,$9.95 


TO-5 Hear Sink, THERMALLOY 22118 2-plece block 


PRESTRIPPED WIRE WRAP WIRE anodized far maximum heal dissipation, HS22118. 5/61 


Highest quality 30 ga. Kynar insulated silver plated wire for 
wropping. Stripped 1" an both ends. Indicated lengths ore 
lengths of insuloted portion. Packed 100 per sturdy plostic 
viol or 1000 per paly Бәй, Compare our ргісеѕ 111, Available 


6,BV, SQWatt Zener, Akide by Metarola in TO-3 
case, Gold plated, cascacsecsencccnccncesas $1200 


15v, SW FX Zener. 1453528 oxtol lend zoner is just 


in Block, Ped, Yeliow end Green, State color desired. " Active Filter Cookbook ..223 poges, .... .. 515.95 
{ | tight for those HOS voltage suppilun........ 3M CMOS Cookbook...... ..402 poges...sesr 510,95 
Length Price per M af 100 Price per bog of 1000 General Purpose HPN switch. 2501-12 NPN switch in IC OP AMP Cookbook, ......579 pages wee $14.25 
" $1.48 [VAV/30VC-1) S11 .84 (FWW3OBK-1) TU-YE kalal Loaortetur ataltie t SAEI ТУ Typewriter Cookbook. ... +250 pages... -+ 510,95 
2" $1,40 (WW30VC-2) 512.80 (^Www30BK-2 FISOLCIT ors s rusas ас rg v aca АЕ T OO 
á" $1.85 (ww3QvC-4) $14. BO (*ww30BK-4) МС14411 ВІТ RATE G 
6" $2.20 (WW30VC-&) $17.60 (#Ww30BK-6} INARI, GOV, ЗА PNP awiteh, ТП-3,,,,.....,,, 50€ p Mua A ge rra 


Single chip for generaring selectoble frequencies for equip 
ment in data communications such as TTY, printers, CRT s 
or microprocessors, Generates 14 different standord bit 
rates which ore multiplied under external control to 1X, 
BX, (6X or 64% Initiol value. Operates from single «5 
volt supply,  МС14А!\........................ 

4 pages of doto 

Crystal for the above... esee nnn 


282905, 40V, „6А РЫР Switch/Amp, TO-5,..,,,5/51.00 


Deoler Ingubry Invited 
2N2147, SOV Germonlum ТОЗ. анек. 81.00 


100 fr. па... 53,45 10 rolls, mixed calors, ,$24,00 
300 ft, roll... uu $2.95 4 rolls , mixed colors, . $35, 82 
1,000 fi, roll, ..., 517,85 4 rolls, mixed colam. , $64.26 
WIRE WRAP I.C, SOCKETS, 3 LEVEL GOLD 

14 pin 385 ва, 10 for $3.40 ló pin 42c ea, 10 for 52.90 


900, блар Fast Ruenvery Dine, 
бамі ат to 1N3909 ясай mount, Hoverke recovery at 
1 Ampe „иб, eccesso eee ntm htt + 92,00 


SIGHETICS AOON SERTES ТТІ, LOGIC 

m These quslity unita mre taster and have greater fan- 
Dut capabllity than standard TTL. From 3 giant fac- 
tory change-over you get real hargnin prices. All 
are house siembered, but we provide a reference and 


Accuracy 3005A ol Янака $| Cow 

Two Voltage Aan 1999 Vy and 199 p my 

Un to 25 Сопуев моет 

Zin > 1000 M ohm 

Auto Foloidy and Ayto Ziro 

Singin Positive Voltage Reterener 

Standard В Serie CMOS Dutautrs- Cries One Low Pawns 
Schntiky Loot 

Ure On Chip Systiim Clock, or Кайны, Croce 

Low Power Camiumptins BÓ iW types SOY 


X pin-out sheet. 

Ф. N8880A,..Quad-2 input NAND gote...., в/$1.00 
HIGH CURRENT STUG DIODES NBB22A...Dual J-K manter/slave P/F... 4/5100 
D231 200V; 23А, ,., 2. волена TERTE TL NBBBSA...Quad 2-1прчс NOR yate... ,Q8/$1,00 
02135 400V, 25A... eo %.00@ RBGSOA, More 1пуетсет.....................6/51,00 


D2138 800v, 25A. coy $1.55 M i202. ..10 bie "n" type zegister 61-25 Wide Suaply Sater ка 14S V im OY 

3289 200v, 1A. . . MCI4433 SINGLE CHIP 3!DIGIT A/D 

SESE The Following items are available in тие quantttius Mi Single chip combines linear and CMOS digital ra bring you 

Contract Cancellation Spectols....,All Full Spec, ЧЕМ DAE ar manufacturer Equi is inviled, TT the simplest yer DVM approach. Requiring only 4 external 
$ММ7490.......39с 2N3734,....38¢ 2N3773 51,75 M? 15. SNe ae T ER SENA NES ч 5/$1 popsive ports, this subsystem gives you; Auto polarity, auto 
LM320H-12...51.29 — 2N5851..... 75¢ 2N4401 , .5/$1 : SW, GA BCR wraocket.... marys) zero, single voltage reference, 8 mW operotion, overrange, 
INS52314.... 25c 13572... ..906 2N4403..5/51 LBV, SR, ME Ёл зун узел өз» ез 5/51 underrange signals, 25 conversions per second and „05% = 
1N5226B..... 35c G,E.D45CS 44c 24557, .51.39 @ 42501-: quad Hi speed NPN fransister in 14 pin DEP 1 coun? accuracy! 100 oV resolution. 24 Pin DIP, 
7Al(mini-dip. 3/51 50v, ЗАтр Epoxy Bridge. , ...... 795 Wüpnckage. Similar to Motorola MPQ3301 MCTA433P, 0.1.5.0. swith spect... 


We pay surface shipping on oll orders over $10 US, $15 foreign in US funds. 
t R 1 - t € k і nc Please add exiro for first closs or air mail, Excess will be refunded, Orders 
Ы * under $10, add 51 handling, Pleose add 50¢ insurance. Muster charge опа 
6522 NORTH 4300 avenue, Bonk America cards walcoma, ($20 minimum), Telephone orders may ba placed 
Glendale, arizona 85301 10AM to 5:30PM doily, Mon thru Fri, Call 802-931-4528. Check reoder 
phone 602 – 931-6949 tervice card or send stamp for our latest flyers packed with new and surplus 
electronic camponents. 
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Number 


75 
168 
255 
272 
275 
276 


Page 


Number 


Advanced Microcomputer 164 
Aldeleo 165 

Alpha Digital Systems 151 
Apple Computer 14, 15, 17 
Artison Computer 128 

Beta Business Systems 151 
Bits {пс 131, 132, 162, 163 
Byte Index 127 

Byte Shop East 151 

Byte Shop of Miami 127 
California Industrial 166 
Camp Retupmoc 151 
Comptek 147 

Compucolor 60,61 
Computalker 151 

Computer Corner 159 
Cornputer Electronics 127 
Computer Enterprises 148 
Computer Mart NH 159 
Computer Mart NY 162 
Computer Place 159 
Computer Room 115 
Computer Shack 111 
Computer Shop (Canada) 127 
Computer Warehouse Store 167 
Continental Specialties 126 
CRC Engineering 159 
Creative Computing 143 
Cromemco 1, 2 

Cybercom 13 

Data Search 108 

Digital Group 28 

Digital Concepts 144 

E&L Instruments 113 
Economy Company 139 
Edityper Systems Corp 114 
Electronic Control Tech 127 
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Service 
Number 


157 
247 


To get further information on the products advertised in BYTE, fill out the reáder 
service card with your name and address. Then circle the appropriate numbers for the 
advertisers you select from this fist. Add a 9 cent stamp to the card, then drop it in the 
mail, Not only do you gain information, but our advertisers are encouraged to use the 
marketplace provided by BYTE. This helps us bring you a bigger BYTE. 


Page 
Number 


Electronic Warehouse 168 
Electravalue 159 

Eltron 169 

Fein-Marquart 159 

Franklin Electric 67 

Godbout Electronics 170 
HAL Communications 129 
Hashizume Burt 161 

Heath Co 68, 69, 70, 71 
IMSAI 5 

Intel 10, 11 

International Data Systems 160 
IOR 161 

Ithaca Audio 145 

Jade Company 171 

James 172, 173 

John Wiley & Sons 105 

Logic Design 127 

MACC 130 

Meshna 174 

Micra Computers 161 
Micro-Term 107 

Micrornation 26 

Micronics 161 

Midwestern Scientific Inst 121 
Mikos 175 

Mini Micro Mart 176 
MiniTerm 122, 123, 124, 125 
MITS CIV 

Mountain Hardware 151 

mpi 145 

Mullen 144 

MYT Microcomputer Systems 161 
NCC 63, 64, 65, 66 

North Star Computers 24 
Northern Valley Systems 148 
Noval 81, 82, 83, 84 
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Service Page 
Number Number 
260 Objective Design Inc 146 


40 Ohio Scientific Instruments 49 
64 Oliver Audio Engineering 161 
198 Omni 147 
* PC 77 Atlantic City 75 
273 Page Digital Electronics 163 
265  Paia Electronics Inc 23 
63 Parasitic 109, 110 
* PerCom Data 12, 72 
194 Peripheral Vision 29 
281 Perri-White 110 
Personal Camputing Expo 149 
* PolyMorphic Systems Chil 
213 Prime Radix 153 
24 Processor Technology 6, 7, 8 
219 RHS Marketing 98, 99 
201 Riverside Electronic 158 
234  Rotundra Cybernetics 163 
27 SD Sales 177 
282 Sams Howard W 51 
26 Scelbi 25 
73 Scientific Research 79 
236 SEALS 73 
169 Smoke Signal Broadcasting 120 
59 Solid State Sales 178 
29 Southwest Technical Products Cli 
164 Sunny Computer Stores 163 
96 Synchro-Sound Enterprises 86, 87 
205  Szerlip Enterprises 108 
121  Tarbell Electronics 146 
82 Technical Design Labs 53 
136 Technical Systems Consultants 107 
32 Tri-Tek Inc 179 
270 Urban Instruments 112 
137 Vector Graphic Inc 74 
220 Ximedia 27 
222 Xybek 114 


* Reader service inquiries not solicited. Correspond directly with company. 


BY TEs Ongoing Monitor Box 


On BOMB Card, 


Articie No. ARTICLE PAGE 
1 Kraul: Designing Multichanne! Analog Interfaces 18 
2 Hollis: Newt: A Mobile, Cognitive Robot 30 
9g Fyistra: Interfacing the [BM Selectric Keyboard Printer 46 
4 Carr: Interfacing to an Analog World: Part 2 54 
5 Simpson: Come Fly with KIM 76 
6 Welles: Software for the Economy Floppy Disk 88 
7 Wimble: Artificial Intelligence: Part 2, Implementation 160 
8 Quek: Introduction to Microprogramming 116 
9 Guzzon: A 6800 Selectric 10 Printer Program 140 

10 McNatt: А Guide to Batidot Machines: Part З 154 


180 


The Bomb of March 


The BOMB of March has fallen. [n the 
tabulation of the stacks of cards returned 
with article evaluations, Jack Breimeir and 
Ira Rampil came out first, and receive the 
$100 prize for their article “The Digital 
Cassette Subsystem, Part 2.” Second prize 
winner in the tally came up as a tie between 
Steve Ciarcia's "Try This Computer on far 
Size" and Thomas R Buschbach's "An Inex- 


pensive Joystick Interface." Steve and 
Thomas will each receive a $50 bonus 
check.# 


PolyMorphic Systems now offers the complete, assembled, 
personal computer system—the POLY 88 System 16. A full 
16K system with high speed video display, alphanumeric 
keyboard, and cassette program storage. A BASIC soft- 
ware package providing the most advanced features avail- 
able in the personal computing market. Features like PLOT 
and TIME, which utilize our video graphics and real-time 
clock. Others like VERIFY, so that you know your tape is 
good before you load another. Or input type-ahead so you 
can tell your program to run while the tape is still loading (it 
stores up to 64 characters of commands or question re- 
sponses to be executed). All these plus a complete pack- 
age of scientific functions, formatting options, and string 
capabilities. With the POLY 88 System 16 you can amaze 
your timesharing friends the very first night! 


Polymorphic Systems 11K BASIC — Size: 11K bytes 


Scientific Functions: Sine, cosine, log, exponential, square root, 
tandom number, x to the y power, 

Formatted Output ¢ Multi-line Function Definition © String 
Manipulation and String Functions * Real-Time Clock * Point- 
Plotting on Video Display * Array dimensions limited by mem- 
ory * Cassette Save and Load oi Named Programs * Multiple 
Statements per Line • Renumber * Memory Load and Store * 
8080 Input and Output * If Then Else * Input type-ahead. 


PolyMorphic 
Systems 


POLY 88 
"Чумо к 


Commands: RUN, LIST, SCR, CLEAR, REN, CONTINUE 


Statements: LET, IF, THEN, ELSE, FOR, NEXT, GOTO, ON, EXIT, 
STOP, END, REM, READ, DATA, RESTORE, INPUT, GOSUB, RE- 
TURN, PRINT, POKE, OUT, 


Built in Functions: FREE, ABS, SGN, INT, LEN, CHR$, VAL, STR$, 
ASC, SIN, COS, АМО, LOG, TIME, WAIT, EXP, SQRT, CALL, PEEK, 
INP, PLOT. 


Systems Avallable. The POLY 88 is available in either kit or as- 
sembied form. It is suggested that kits be attempted only be per- 
sons farniliar with digital circuitry. 


System 2: is a kit consisting of the POLY 88 chassis, CPU, video 
circuit card, and cassette interface. Requires keyboard, TV moni- 
tor, and cassette recorder for operation. $735 

System 16: consists of an assembled and tested System 2 with 
16K of memory, keyboard, TV monitor, cassette recorder, 11K 
BASIC and Assembler on cassette tapes. $2250. 

System 0: The circuit cards an S-100 mainframe owner needs to 
be compatible with the POLY 88 software library. System 0 con- 
sists of the central processor card with monitor ROM, the video cir- 
cuit card, and cassette interface, all in kit form. $525. 


Prices and specifications are subject to change without notice. 
California residents add 6% sales lax. 


460 Ward Orive 
Santa Barbara, Ca. 93111 
(805) 967-2354 


Now you can buy an 
Altair’8800b or an Altair 
680b computer right off 
the shelf. Altair plug-in 
boards, peripherals, 
software and manuals 
are also available. 
Check the list below 
for the MITS 


dealer in your area. 


ALTAIA COMPUTER CENTER 
4941 East 2915 St 
TUCSON, AZ 85711 
160217487363 


COMPUTER KITS 
1044 University Ave 
BERKELEY, CA 94710 
(135)845.5300 


THE COMPUTER STORE 
820 Brosavoy 

SANTA MONICA, CA 90401 
1213»1-451-0713 


GATEWAY ELECTRONICS, INC 
DOF COLORADO 

2839 W азтп Аме 

DENVER, CO 80211 
(303'.458-5444 


THE COMPUTER STORE INC 
(Hartford area) 

63 South Ман Street 
WINDSOR LOCKS, CT O6096 
1203+627-0188 


MARSH DATA SYSTEMS 
6405 B Southern Comfort Blvd 
TAMPA, FL 33614 
1343)-806-9890 


THE COMPLITEH SYSTEMCENTER 
3330 Piedmont Aoad 

ATLANTA, GA 30305 
г4041231-1691 


CHICAGO COMPUTER STORE 
517 Talcott Ва 

PARK RIDGE, tL 60068 
(3121-823.2388 


THE COMPUTER STORE 
UF ANN ARBOR 

310 East Washington багор 
ANN ARBOR, MI 48104 
(313)-995-7616 


THE COMPUTER ROOM 
3938 бог» D'Rue Drive 
EAGAN, MN $5122 
16)2r452-2567 


GATEWAY ELECTRONICS INC 
8123-25 Page Biva 

ST. LOUIS, MO 63130 
[314)-427-6N16 


ALTAIA COMPUTER CENTER 
511 N 27th St Sune 9 
LINCOLN. NB 6B503 

14021 474-2800 


COMPUTER SHACK 
3120 San Mateo МЕ 
ALBUQVEAQUE, NM 87110 
15051683. 8282 883 827I 


THE COMPUTER STORE 
269 Osborne Road 
ALBANY, RY 12211 
51R1-459-6140 


THE COMPUTER STORE 
OF NEW YORK 

55 Wes! 39th S' rent 
NEW YORK, NY 10078 
(2122211404 


COMPUTER STORES 

OF CAROLINA, INC 

1808 E Independence Віма 
CHARLOTTE, N.C. 28205 
(704}-334.0242 


ALTAIA COMPUTER CENTER 
5252 North Dixie Drive 
DAYTON, OHIO 45414 
15131433-B452 


ALTAIR COMPUTER CENTER 
110 The Annex 

5345 Ess! Forty Ене SI 
TULSA, OK 74135 

1918 1-664-4564 


ALTAIR COMPUTER CENTER 
8105 SW Nenpus Ave 
BEAVERTON, ОН 97005 
1603) 644 2314 


ALTAIR COMPUTER CENTER 
5750 Вт Drive Sinte 206 
HOUSTON, TX 77036 
17131-7 80-8981 


COMPUTERS-TO-GO 
4503 West Broad St 
RICHMOND, VA 23230 
1804 355-5773 


MICROSYSTEMS iWashingian DI JI 
6605A Backiich Rd 

SPRINGFIELO, VA 22160 
(703)-569-1110 


THE COMPUTER STORE 

Sute 5 

Municipal Parking Building 
CHARLESTON, W. VA. 25301 
1304|-345.5360 


QS cots 


